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An  Account  of  Observations  made  i?i  Scotland  on  the  Distribution 
of  (he  Magnetic  Intensity.  By  Jamks  DunloPj  Esq.  Com- 
mumcated  by  Sir  T.  M.  Beisbake,  1L  C.  B. 

{lUad  im,  JprU  1830.) 

MakenUmn,  iTebo^  15fil  Monk  1880. 

My  Dbak  Sib, 

AjcooMTAMYnta  I  beg  leave  to  tnuMmit  yoa  Mr  Ddiilop's  pa> 
per  cm  the  dwtiibutioii  of  die  magnetic  intennly  over  this  ooim- 
tlji  which  I  finrmerly  mentioned  when  I  had  the  {)1easurc  of 
seeing  you,  and  which  I  zequert  you  will  lay  befine  the  Royal 
Society. 

Mr  DiTXLOP  has  so  fullv  anrl  ploarly  detailed  his  mode  of  pro- 
ceeding witli  these  observations,  iluii  ii  would  be  unnecessary  for 
me  to  enlarge  \ipon  them  further,  than  to  state,  that,  in  point  of 
number,  extent  of  country,  combined  with  precaution,  accuracy, 
and  consistency,  I  consider  they  are  unrivalled  in  this  or  any 
other  country. 

While  on  thtt  subject,  it  might  not  be  oonndered  as  indb- 
vant  in  me  to  express  the  r^gzet  I  fed  Uiat  this  important  brandi 
of  Boience  should  have  been  so  modi  ne|^eeted  in  Great  Britain; 
and  I  am  induoed  to  make  the  remark,  fiom  the  valuafale  assist- 
ance I  obtained  from  Professor  Hanstebk's  magnetic  chart,  in 
my  voyage  to  New  South  Wales  and  home;  ai^  bj  oomparing 
the  position  of  the  di^  inferred  by  his  magnetic  curve,  it  was 
foimd  to  agree,  in  an  extraordinary  manner,  with  the  true  place 
on  board,  whilst  the  dead  reckoning  was  oroneous  to  the  extent 
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of  many  degrees.  I  can,  therefore»  have  no  hesitation  in  decla- 
ring it  as  my  opinion,  that  a  sliip  may  be  navigated  with  infinitely 
more  accuracy  by  one  of  Professor  Hansteex's  magnetic  charts, 
than  by  dead  reckoning,  and  is  so  perfectly  simple,  that  the 
nerc  t  novice  having  one  of  these  charts,  has  only  to  determine 
the  variation  on  board  his  ship,  and  with  the  latitude  to  examine 
the  place  on  the  chart  of  the  intersection  of  the  magnetic  curve, 
yftach.  shews  at  onoe  the  position  of  the  diip, 

I  trust  I  may  yet  see  the  tiine  when  Mr  Ddmlof's  oiieervap 
tioDS  may  be  emulated  by  othersi  both  in  this  and  other  coun- 
tries which*  as  they  extend  the  bounds  €i  human  knowledge 
may  be  oonddeied  a  great  benefit  to  man. 

I  remain,  my  dear  Sir»  yours  most  truly, 

Th.  Makdougall  Brisbakb. 
John  Robisok,  Esq.  Secretary  Royal  Sodely,  Stc 


To  lintf^Gen.  SSr  Tbohas  Makhouoall  SMiSBANs,  JT.  C.  B. 
Sir, 

I  HATE  now  the  honour  of  pvesoiting  to  you  the  result  of 
my  experiments  with  the  magnetic  apparatus  bdmiging  to  the 

Royal  Society  of  Edinburgh,  for  the  loan  of  which  I  fed  greatly 
indebted  to  the  kindness  of  Dr  BRxwSTEn,  and  to  you  in  parti- 
cular, as  the  expenses  of  the  journey  were  liberally  defirayed  by 
yourself. 

I  trust  the  experiments  will  be  worthy  of  your  acceptance, 
as  they  are  the  most  extensive  scries  of  any  which  have  yet  hcvn 
made  in  Britain  ;  and,  in  .selecting  a  situation  where  to  juuke 
the  experiments,  1  was  very  careful  to  avoid  the  immediate  vici- 
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nity  of  buildings,  or  any  object  whicb  I  might  suspect  would  in- 
fluence their  acetiracy.  I  rpnp!^t  not  having  a  portable  dipping 
needle  to  accompany  the  liorizonUil,  by  which  means  the  whole 
of  the  masTTietic  intensity  at  the  different  stations  could  have 
been  obUuui'd. 

The  apparatus  consists  of  a  tripod  stand,  a  box,  a  thermome- 
ter divided  to  Rbacmuk's  scales  and  two  needles.  In  the  hot* 
torn  of  the  box  there  is  a  cixde  on  paper,  graduated  intodcgieesi 
over  the  centre  of  which  the  needle  is  suspended  by  a  silk  fUxie 
of  about  four  inches  in  length.  The  boat  u  also  fumialied  with 
foot-soews  for  the  proper  adjustment  of  fhe  apfmratus. 

Previous  to  the  commencement  of  the  observations,  the  sus- 
pended needle  was  dra'ivn  about  25  degrees  out  of  its  natural  po- 
sition, and  allowed  to  diminish  the  arc  of  its  vibration  to  20  de- 
f?rf>es,  before  1  commenced  registering  tlie  observations.  The 
needle,  by  which  the  other  was  drawn  aside,  was  al\v;iys  placed  at  a 
distance  of  1 5  or  20  yards  from  the  apparatus  while  the  observa- 
tions were  making  ;  and  I  was  always  very  careful  to  divest  my- 
self of  every  thing  of  iron  doling  tike  experiments. 

With  regard  to  Professor  Hakstbbk*s  method  of  observing^ 
described  in  his  letter  to  Dr  B]iEwstBii,.whidi  aoo(»npenied  the 
i^parstufl^  to  take  the  mean  of  800  vilnalionfl^  conunendng 
w^  an  arc  of  SO  degrees,  and  ending  with  an  arc  of  S  degrees;** 
this  I  found  impossible  finr  me  at  all  times  to  do,  for,  as  I  ad- 
vanced north  on  my  journey,  the  horizontal  intensity  of  the 
earth's  niagnetism  ^vas  diminishing,  and  the  needles,  particidarly 
cylinder  Nn  I  .  would  liavc  almost  1)een  in  a  state  of  rest  be- 
fore I  had  ct>nij)lete<l  30()  vibrations.  1  was  therefore  under  the 
necessity  ol'  increasing  the  arc  as  I  requinxl  in  going  north,  and 
of  decreasing  it  again  as  I  came  south.  Tliia  circumstance 
caused  me  to  make  experiments,  to  ascertain  a  correction  to  be 
apphed  to  the  inoeased  arc  of  vibration. 

As  Professor  HahbtseN)  in  the  lettor  before  alluded  to^  has 
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given  his  o\vn  observations,  made  in  Cliristinnia  witli  these 
needles,  in  the  year  1827,  previous  to  their  beiiis;  ent  to  Edin- 
burgh, thetjc  observations  i  have  here  given,  because  1  consider 
tlieni  connected  with  mine,  as  illustrative  of  thediflference  of  the 
magnetic  intensity  between  Christiania  and  Edinburgh  as  ista- 
tion  points.  The  tune  of  800  'vibrations  is  reduced  to  the 
temperature  of  +  1S*.S  Reavhuii,  by  Hhe  fomuk  T  =s 
[1  —  0XK)08711  ^)]»  supposing  the  number  of  vil»atlonib  At 
tlie  mean  tempemture  ^  to  be  T  seomdsy  and  at  the  tempeia- 
tuie  j',  to  be  T'  seofHidB. 

I  have  accompanied  this  paper  with  a  table,  oontuning  the 
time  which  cyhnder  Na  I.  jequired  to  make  300  vibrati<Hi^  ie> 
duced  to  Professor  Hansteen's  standard  cylinder  by  Dollond, 
the  last  column  of  which  contains  the  horizontal  intensity  at  the 
different  statioir^,  that  of  Edinburgli  l>eing  taken  as  unity,  and 
also  a  chart,  on  ^vliich  the  time  of  300  vibrations  of  the  needle 
are  annexed  to  the  name  of  the  station  where  the  observations 
were  made. 

The  Hoes  of  equal  intensity,  or  wbat  Pmfeiaor  Hasstes* 
calls  the  isodmamkal  m^gneUe  Snet,  axe  laid  down  to  every  five 
seooods  of  time;  and  I  have  aho  copied  in  dotted  Hnee  fiom 
ILuiSTEiai's  chart  (lately  published),  the  isodinamical  lines  ex- 
tended over  Scotland,  fixim  his  observations  in  Norwi^,  Sweden, 
and  Denmark. 

It  will  be  seen  by  comparing  these  lines,  that  there  is  a  dif- 
ference of  alx)ut  1 0  seconds  in  the  time  of  300  vibrations,  be- 
tween the  lines  copied  from  II anstefa's  <-b:irt,  and  tliose  dedu- 
ced irom  my  observations.  From  this  it  would  appear  that  the 
horizontal  intensity  through  .S-otland  is  less  than  Professor 
Hanstken's  experiments  led  him  to  expect.  The  experiments 
which  I  made  in  Edinburgh,  at  the  back  of  Captain  Basil, 
Hall's  haaee,  No.  8.  St  Colme  Street,  gave  nearly  the  same  ze- 
suit  witli  tfaoae  made  bdiind  Coatea  Cieacent  by  Fkofessor  Obb» 
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flTBD,  in  the  year  18Sd.  But  at  the  time  I  was  making  my  ex- 
perimentfl^  I  eonffidered  than  objectionably  firom  the  great  quanr 
titiea  of  inm  in  the  vidnity,  used  as  pipes  fixr  the  oonvqraiioe  of 
water,  lailin^  &e.  I  mentioinedl  IMi  to  Captain  ELuli.  and  Pto- 
lesaaar  Wat.tjice,  who  were  present  at  the  experiments,  and  af- 
terwards to  Mr  Adie,  who  kindly  requested  me  to  make  my  exi- 
periments  in  his  field  at  Caiia<in  Cottage  where  such  objections 
could  not  apply.  I  accordingly  did  so,  in  company  ^ith  Profes- 
sor Wallace  and  Captain  Robertson,  R.  N.,  and  fmind  a  dif- 
ference of  about  10  seconds  in  the  time  of  the  net  die  laakiiig 
son  vibrations  at  the  respective  stations,  which  is  nearly  the 
amoiHit  of  the  diiiereiice  between  Professor  Ha^steem's  lines 
and  mine. 

I  ahndd  not  omit  to  mention,  iStaX  tlie  needles  have  always 
been  kept  separate,  and  in  thdr  respectivB  cases,  and  that  tlidr 
magnetism  luis  not  been  disturbed  since  they  came  into  my  pos- 
aesBioa^  am»  Sir,  your  hamfale  semmt, 

Jiams  DmtiAP. 
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to  dMir  being  Mot  to  Edmburgb. 
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Hamtebii's  Garden. 


Flat  Nbedlk.    First  Arc  20°. 


Cylinder,  No.  1.    First  Are  20*  . 
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a.    H.  »• 
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45-6 
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Time  of  300 
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13  2»8 
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=  800-21 
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lW7»J«iieS7. 
CkinNDMter  gpfataig  +  S4  diiljr. 
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23-6 

m 
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1 

Ti 
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D«l 
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54 
60 

7  20  31-6 
48-0 

21  4-5 
21-2 
37-G 
54-0 

22  10-4 
26-8 
43-2 
59-6 

23  16-2 

300 
306 
312 

318 

;jJ4 

330 
336 
342 
948 
354 
360 

7  84  11-8 
28-1 
44-4 

35  0-8 
17-2 
33-6 
50-0 

36  6-0 
22-4 
38-8 
55-2 

13  40-2 
40-1 

y'.>-G 

O'Jf) 
39*6 
S9^> 
39-2 
39-2 
39-2 
39-0 

Mean  l.J 

=  8HJ-JG 

Rate  of  Clironometer       —       O  Ofi 


Time  of  800  Vibr.itiomi    =  819-50 


CvuxDBB,  THo,  I.  ilnft  Ave  90". 


Ma]*,  June  SC.  ,9,  m. 

4- 194 
M«UI  +  »T«  . 

No. 

Time, 

No. 

Time. 

TtmeofSOO 

Vibrotion*. 

0 
6 

\-2 
18 
L'4 
30 
36 
42 
48 
54 
60 

11.      M.  N. 

0  .i7  .")G.8 

28-8 
44-9 
59  1-0 
17- 1 
S»0 
49-2 
7    0  S-2 
21-2 
37-2 

300 
306 
312 
318 
;Ji'4 
330 
336 
342 
348 
354 
360 

7  11  18-6 
34-4 
50-5 

12  6-4 
22-4 
33*4 
644 

18  104 
S0« 
420 
58-4 

U.  ft. 

13  i;i  -  s 

21-0 
L'1-7 
21-5 
21-4 
81*3 
SM 
SI-0 

20-8 

21.2 

Mean  13  21.32 
=  801.32 

Rate  of  Chronometar      —  0-06 


Timp  of  300  Vilirations     —  >^rtl-20 
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Ml  DuNLOp's  Account  of  Observations  made  in  Scotland 
OBSERVATIONS  IN  CHjEU8XIANIA,-€eirftiiaHdL 


CyuiiBBB,-N«i  L 


ItlT. 

Time  of 

Bed.  to 
+  1S%S 

Red.  Timej 

Hoar. 

Time  of 

•oovom 

B«d.to 

•f  ir« 

Red.  Time 
ofTibi. 

Jam  87 

B.  m. 
11  7iUli. 

+  1^'65 

80SI74 

—  I'&Q 

7   6  p.K. 

-H  iVs 

801*26 

-«f«77 

79§'49 

Jiuie  27 

10  ^' 

+  17°45 

821-73 

SnWM 
—  1-26 

820-47 

imft  ar  BoLLOKn. 

H.    ■•                 j  0 

7  29F.M.I-f  18-7 

81sf-50 

« 

—  1*64 

817«6 

StandAid  DoiMMS  at  IM  a.m.  826'47 1     ^ ,  /' , , , 
at  7|Mi.817«r=^^^ 

Daily  rariatkn  =  2-61 

AatuM^gtft  the  BadnstioB  «r  NOb  L  to  HAiwrBEii'a  St«i4aid,  wUA  be  hiks  nsed  tka  oVaamliaM 
through  Norway,  Sweden,  DcMBailc  Bid  Fialnd»aiid  a  part  of  Qennaaft  !■  a  -fj^^j^S'  1'88S7S»  and  A* 
log.  Aad.  =  4.  <H)0»7678. 


OBSERVATIONS  AT  MAKERSTOUN. 
Tlw  Ezperimenta  wars  mads  in  Uw  ofeo  ur»  »boat  80  ymrda  finom  tb«  Obanmtory. 
CnimsK,  No.  L  CtiiIMMi*  N<k  I. 


1K%  JaWNi^  W.  fb  lb 

TlMr.-f*a-iiR. 

•Lib 

+*7 
-f  »W 

Ka 

Time. 

No. 

Time. 

Time  ofaOO 
Vibration*. 

No. 

Time 

No. 

Time. 

Time  of  .too 
Vibntians. 

0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 

H.  H.  a. 

2  13  28-0 
65-2 

14  21-6 
49-0 

15  15-5 
42»4 

16  9-0 

55-  8 

17  8« 
290 

56-  3 

300 
310 

320 
330 
340 
360 
360 

2  26  49-5 
27  15-5 
420 

28 

29  2-5 
89*5 

\h  2I-5 
20-3 
20-4 
20-1 
•2<\b 
20-1 
80« 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

H.  H.  a. 

2  57  45-1 

58  11-2 
48-1.' 

59  50 
32-0 
59-2 

3  0  25-2 

58-8 

1  lfr8 
45-7 

2  IftO 

300 
310 

aao 

340 
350 
360 

3  11  6-2 
32-0 
58-7 

12  25-3 
52-8 

13  20-8 
45-8 

20-8 
20-5 
20-8 
20-8 
20-6 
80« 

Mtaa 

Rate  of  Chroo. 

18  2(M8G 

=  800-486 
+  0-033 

Rata  of  ChroD. 

a  18  20<7 

=  800-67 

Time  of  300  VUw.  =  800  52 

lime  of  SOO  Viln.  =  800-70 

Digitized  by  Google 


jMa  27.  No.  L  «t  11  A.  M.  s  802-44 1  _<,no.QR<^ 
a»  7  r.  11;  =  788-49  j--"^^^^ 
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No. 


OBSBRVATIONS  AT  MAKERSTOUN,.-«eMejme(i: 
CnnnnH^  Ho,  T.  •  CvLiirDn,  Na.  I. 


)TfB» 


Time. 


0 

II. 

2 

M. 

2 

15-0 

10 

42-0 

20 

3 

ao 

40 

4 

20 

.50 

29-2 

(iO 

5.vh 

70 

5 

22-8 

80 

49-0 

90 

6 

16-2 

100 

42-2 

No. 


Time. 


300 
310 

;)•.'() 
aau 

340 

360 


15  36*5 

16  »0 

300 
5«0 
2i''8 
40-3 
15-6 


17 


18 


Time  of  3(H> 
Vilinitioil8. 


19 


Sl-5 
210 
21-5 
20-3 
20-8 
20-1 
80-1 


Mean         18  80*76 
TUneofdOO  VUm.  =  800-76 


Ther.  +  U 

iBgM 

■uTiDN. 

MHn  +  n 

Time. 

No. 

Time. 

Time  of  aw 

A'ibratioiui. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

m,  m.  a, 
2  41  44-e 

42  11-8 

32-2 
58-8 
44  26  0 
52-5 

46 

4i  ta« 

300 
310 

;!L'n 

AM 
340 
350 
360 

n.    m.  B. 

2  55  6-0 
32-6 
59-5 

56  26-3 
52-5 

57  19-0 
46*0 

M.  ». 

10  L>1--' 

20-8 

20-  7 

21-  1 
20-3 
80-2 

Mean      18  80«1 
nae  ofSOO  Vik.  a  800«1 

Ctlinorb,  No.  I. 


Cylindba.  No  I. 


Tlwr-  +  lo"? 

+  10-1 

Me«i+  10-4 

lift. 

TinM. 

No. 

Time. 

l  ime  of  :HM> 

0 
10 

so 
ao 

40 

50 
60 
70 
80 
90 
100 

It.  M. 

6  48  ;)-5 
29-8 
56-8 

49  24-0 
50-5 

50  17-0 
44-0 

51  10-5 
37-5 

52  4-5 
31-5 

;}oo 
310 
320 
330 
340 
350 
360 

7     1  -JCyO 
52-0 

2  19-0 
45-5 

3  12-5 
39K) 

4  60 

1.3  :i-J-j 
22-2 
22-2 
81-5 
S2K) 
22-0 
220 

Mean 
Bate  of  Chron. 

13  220G 
=  802-0(1 
—  0-015 

Tbw  «f 800  Vibfc  =  808K)45 

••  a. 

Thcr.-t- 10-1 
+  IWt 

Mem -»■  10416 

No. 

Time. 

No 

0 
10 

20 
30 
40 

50 
60 

70 
80 

'■'  > 
lOU 

K.      M.  *. 

7     7  47',T 

8  14-8 
410 

9  8*0 

10  1-5 
28-5 
55-5 

11  22-5 
49-0 

IS  160 

:100 
310 
320 
330 
340 
350 
360 

N.     M.  ». 

7  21  10-2 
37-0 

88  »5 
80>0 
57-0 

23  23-5 
51  0 

H.  k. 

13  22-7 
22-2 
88-5 
22-0 
'  aSK) 
220 
22-5 

Mean 

Rate  of  Chron. 

J3  22-27 
=  802-27 
—  0-015 

■now  of  300  Vilw.  =  802-255 

VOL.  XII.  PAET  I. 
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Mr  Duklof's  Account     ObsennUiom  made  in  Scotland f 


OiibEAVATlONS  AT  MAK£RSTOUN,-«0NfiiiMdL 
CmKMKi  No,  I.  Cwtamam,  No.  L 


lilS,  June  19.  A^Mt 


So. 


Ttae, 


No. 


•nam. 


0 

It.  M. 

9  29 

2-8 

10 

S9-5 

20 

55*5 

30 

SO  ta-o 

40 

49  7 

ai 

iti-a 

60 

48-8 

70 

32 

11-0 

80 

90 

33 

4-3 

100 

914 

300 
810 
820 
330 
340 
350 
860 


9  43  SSO 
64*7 

44  si-a 

48'8 

45  1.1  n 

420 

46  8-5 


Tb«r.  +  U-5 
+  U-7 


4  14-6 


Time  i.r:)<)0 
VibrutimiH. 


la 


857 
9S4 
85'8 
S5<S 

25« 
25-2 
24-7 


18  23-:M 
=  805-36 
^  (M>15 


T!moraOOVi^=  606'84o 


FIlatMuilb. 


1.    «•  K. 

X.IhIi«i1^. 


No. 


0 
10 

20 
30 
40 

•)0 
60 
70 
80 
90 
100 


u 


H. 

40  11-2 
45-3 

41  19-4 
&8-5 

48  87-0 


48 


44 


45 


1-5 
S52 

9-4 
48-3 
17-1 

J 1-3 


No. 


800 
810 
320 
3.30 
340 
350 
SCO 
870 
880 
:390 
400 


11  57 


12 


82 
42-0 

58  15<6 
4»7 

59  »7 

56-8 
81-0 
54) 
39-0 
12-8 
4R-8 


0 
1 


Vmtti  +  4-9 


TiiMofaoo 


16 


670 
567 
56-2 
564 
6^7 
55-3 
55-8 

55-7 
55-7 

r)5-.'j 


Misao       101.V945  =  16  55-945 
lUteofGbran.    -     i  141 


TinoofaoOVilN.  s  10164)88 


Ther.  4  U-7 
Kmm+  14-W 

N<>. 

Tluc; 

No. 

Time. 

Tiine  of  300 
Vibntions. 

0 
10 

■_'0 
.'30 
40 
50 
60 
70 
HO 
90 
100 

9  50  82-5 

59*0 
51  864 

68-8 
58  S0« 

47'e 
58  14-7 

41-5 

54  82 
S&-8 

55  1« 

800 
310 
820 
330 
840 
350 
360 

■.  u.  n. 

10    3  58-8 

4  25  0 

52  2 

5  18-8 
45-7 

6  1*2-5 
3ft'-' 

M  8&-6 
96'0 

26-0 
25-5 
24-9 

24-7 

•24  A 

Hal 

18  25-34 
m  a05-84 
—  0015 

Tin 

wor808Vibi.s  80fr885 

Flat  Nkeduc 

16MVMnM]rl4. 

Tlir.4-1* 

NMMtarLg 

No. 

No. 

Time. 

Time  ol  »U0 
▼ilntiaiu. 

0 
10 

20 
30 
40 
50 
60 
70 
80 
SIO 
100 

II.  a.  b 
2  48  45-0 

49  SO-0 

44-  7 

50  8Q« 

51  4*8 
.•300 

.".1?  l;i-.'3 

45-  0 

.>7.L' 

.■)--''4  ; 

800 
310 
320 
830 
340 
:).)0 
;3<io 

.'570 

390 
400 

H.     IX.  «- 

3    G  :>•.> 
37  0 

7  11-5 
46-0 

8  20-5 
55-0 

9  80O 

10  4-0 

11  12-8 

4,S-0 

N.  a. 

17  17-5 
17-0 
16-8 
16-0 
164 
16-0 
16-7 
16-0 
15-9 
15-6 
15-6 

Mean 
Ratftof  Chiw. 

1036-30  = 

OLIO 

17  10-90 

Tiiw 

»or900yilia.a  1€96'88 
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OBSBRVATIOIiB  AT  MAKERBTOim;— onriteMtf. 


Flat  Niusdlk. 


-nme  of  800  Vibhs  lOSS**? 


• 

Tber.  +  U-0 

183%  June  28. 

+  IoTf 

Eote  of  Cfarooometer  gaining  S-i^ 

Na 

Na 

Time. 

Tlmm. 

tt.  u.  »■ 

a. 

0 

10  40 

300 

10  57  29-0 

17  7-2 

10 

:ilo 

58  3-0 

7-5 

2U 

41  30-8 

3120 

37.0 

6^ 

30 

42  4-8 

330 

59  110 

6-2 

40 

39-7 

340 

45-5 

5-8 

SO 

43  13-8 

350 

11    0  19-5 

5-7 

00 

47-8 

360 

«85 

6-7 

70 

44  SS-4 

370 

1  SM 

5^ 

60 

56-5 

380 

2  1-8 

frs 

90 

45  31-0 

390 

36-5 

100 

46  5^ 

400 

8  KM) 

6K) 

MwB        1026'00    =:      17  6*0 
RrtaorCbmi.   b  — (MX) 


1819,  June  29.   P.  M. 
CllinilOinelcr  gauging  i'^  dailjr. 


Not 

Time. 

Ka 

Time. 

Time  of  300 
Vibrationi. 

a.  Mi  •> 

H.  lb 

0 

8   6  91*6 

SOD 

B  SS  904 

17  4« 

10 

310 

S4  0« 

4-5 

20 

7  ao-a 

a20 

94.8 

4vi 

SO 

8  4-4 

330 

■2b  9-0 

4-6 

40 

89-7 

340 

4.'3-0 

3-3 

50 

9  13-5 

;{.io 

2C  17-0 

S-5 

60 

47'5 

360 

51-0 

3-5 

70 

10  21-6 

.S70 

27  25-5 

3-9 

80 

^•0 

380 

69« 

»8 

90 

11  SDH) 

390 

ae  3»7 

VI 

100 

M  4-4 

400 

n  7*6 

»1 

Ther.  +  I40 
+  10-8 

Mean  + 12-4 


Mean      1023-91    s      17  991 


TbmoraooviU.a:  lome 


The  Observations  at  Makcrstoun  corrected  for  temperature,  and  the  time  of  300  vibrations 
reduced  to  that  ot  Professor  Uansteen's  Standard  Cyluidor  by  Doi.lond. 


Cnnanaj,  No.  L 


Tar  ami 

Month. 

MgaiTlBwrftlit 

BlAVM. 

TheniiotiL 

TlBW«f6M 

Vibrations. 

to  IS*-S  R. 

BdhMedTtme 

of  300  Vibs. 

Reduced  Time  of  300 
Vibrationa  reduced  to 
HANaTEEii'a  Standard. 

18'29. 

II. 

Jaa.  2U. 

P.M. 

4-  215 

800^52 

4-  3-3  lii 

803-'8d2 

8 

4-  MA 

80070 

■{.8458 

80»9S8 

888-99 

1B30. 

fi 

10  P.M. 

+  2-9 

800-76 

+  3-090 

803-850 

822-11 

2 

50  p.  M. 

+  2-3 

800-61 

4-  3-268 

803-878 

822-14 

1^. 

Jm88. 

e 

M  P.M. 

■I-  1(N 

8Q»045 

4-  0-863 

808-908 

881'15 

7 

16  P.*. 

+  I0«5 

80ihK»5 

4-  0-967 

809449 

891'49 

.lane  29. 

9 

37   A.  M. 

4-  14.G 

805-.345 

_  0-388 

804-957 

82.3-2.1 

9 

59  A.W. 

4-  i4Jj5 

806*3^5 

—  (h463 

804-Miij 

82315 

bS 
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Mr  Duvlop's  Ammt  ^  OAiertNrtMw  made  m  Seo&md, 


QBBERVATION8  AT  MAKERSTOUN. 


h.  m. 


1829»  January  SO.  at  S  43  f.  m.  300  Tibrationa,  reduced  to  Hanstbbm's  itandard.  Mean  828'1« 
IBSQi  JawTSa.  a*  9  90  r^K  aoovibntioub  -  -  •       =  9iScl9 


JueSS.     at  7   6  P.  v.  300  vlbrMloMii  s  SSl'SI  ^ 
SO.     at  9  4S1.M.  SOOTifantMNia^  ss  fOMO  \ 

OaDy  ▼Mialion,  =  1-88 

Fi  at  Nkedm;. 


Memn  62214 
Mean  822-26 

Bap.  ,= 


Yetr  and 
IfOBttk 

Mean  Time  of  Uie 
Obaemliuiik 

Rkaum. 

Time  of  .100 
Vihmtiaiit. 

ReiiiictirjH 

to  +  lyji  u. 

lUxlurcd  Time 
oTaOO  Vilw. 

Re<1uccd  Timu  ot  ano 
VibntioiH  niduci-d  to 
H«iraTKiii1vfllaBd«rd. 

182S. 
Dec,  I. 
1830. 

F«b.  14. 

!H29. 
.Inn.-  -M. 

n.  11. 
11     51  A.M. 

3      0  p.  M. 

4-  40 
+  4-2 

loifroeo 

103<i-30 

4-  »506 

+  aM2 

1010>M 

1039-80 

« 

10    ai  A.M. 

8    17  KM. 

+  15-25 
+  ISM 

1025-97 
lOSfrOO 

—  0-7-42 

1025-23 
lQS4'St 

By  comparing  tlw  rendta  emilainei  ia  tlw  ahore  taUa,  it  «pp«B«  that  die  maguenhm  of  tba  lat 
needle  U  not  stationary.   lnd«e<l,  Profe»iior  liAWTSBN  filUld  U  Mi,  and  OXprotaed  himself  to  tlua  eflfot. 

in  s  letter  to  Dr  Bnrw-iTFR,  wliu  li  :i<  ( ompaiiiiHJ  tli«  npjmrntiit,  that  "  hv  !«H»prrtt'(l  tlic  ni  igtictisin  in 
the  Ant  needle  hail  not  yet  become  stMiioimry,  and  thai  he  liad  nvcoinpatiied  thu  iipimratu^  with  u  ncedin 
of  his  own  (Cylinder  No.  L)«  which  had  been  used  in  several  expeditions,  nnd  could  be  more  depended 


Na  I.  C>  llin1or.  FUt  Needle. 

In  Chrisliania,  1827,  June  24,  Time  of  dOU  vibrations,  =  800*  secunds  =  980-  seconds 
AtMalcontoaiHlSSO,  JuneSSyliinoafSOOTibiatiana,  s   AOS'  s  10S4r 


DUToroiiea  botwoaii  tko  placet  by  bodi 


s     S-  aeeuida  s 


44- 


Asiuminji^  the  magnetism  of  No.  I.  to  have  remained  stationary,  the  flat  needle  has,  in  two  years,  in- 
creased its  time  in  making  300  vibrations,  no  less  than  42  seconds  of  time ;  and  the  following  dedtwtioiw  • 

■ 

will  ahew  tba  de«r«w»  of  ila  magMtio  foree  to  be  very  unequable,  propafdoaato  to  Ae  t 

Time.  DifC 

16S7,  Jwo  Si.  (Reduced  to  Makentonn)  300  vib.  Sat  neodle»  =  98S-S  Moonda 

=  37-1  =  26  teoonds 

ISSS^  Dee.  1.  AtMalnnlom*  OOOi^  =10194 

=  5-1=9 

I8S9.  JoneSO.        ...  300vik  s  I0S4*7  .  . 

=  15-1  ;=  24 

1680.  Fab.  14.        ...  800  Vik  =  I08»e 
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OBSERVATIONS  AT  EDINBURGH. 

Tbe  following  OlaervatioiiB  were  made  in  the  back  Garden  adjoining  No.  8.  St  Colme 
Street,  on  the  very  spot  where  Captain  Basil  Hall  madn  his  ohserviitioiis  with  Captain  Sa- 
bine's apparatus  in  thr  year  1827 ;  but  from  the  great  quantity  of  iron-nuliug.iu  the  immediate 
vicinity,  I  auapect  the  present  obacrvatioiw  may  be  affected  by  it 


Cn>iiawK,  Nik  I.  FEnt  Ait  SO*. 


laa^juljri.  «.» 
OramiMMr  «ilidi« + £b  di%. 

Ther.-*- 11% 

+  n« 

Mean  +  111 

GhnoaoHUr  friaiBf  4- #»  ddly. 

Ther.  +  I1-* 
■f  11-6 

Mnm+  n-4 

No 

Tiine. 

No. 

No. 

No. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

8  31  9-8 
37-0 

32  3-5 
30-4 
57-0 

33  23-7 
50-4 

34  16-8 
435 

as  lot; 

37-0 

300 
310 
320 
330 
340 
350 
3ti0 

8  44  29-0 

45  S»0 

48-5 

46  15-6 

41-5 

47  SO 

M.  6. 

13  19-2 

18o5 

181 
18-6 
17  8 
176 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

H.    U.  %. 

8  50  15-4 
4S0 

51  fre 

36-0 

52  20 
28-7 
55-5 

53  22-3 
49-0 

54  15-8 
48-5 

300 
310 

320 
330 
340 
350 
300 

n.  M.  lb 

9    3  34-5 

4  0« 
27*0 

53-4 

5  20  0 
4fi-3 

6  12-7 

la  19-1 
\%% 
184 
18^4 
18-0 
17-i> 

17:? 

a«ta«f  Chraa. 

13  18-33 
=  798-33 

—  .ois 

Mean 
Rata  of  CSbnn. 

13  18iHti 
B  798-186 

—  -Qie 

Tim 

Boraoo  vUm.  = 

TiiiM«r80oyiiH.  s  fsfriw 
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14         Ma  DoiiLOP*8  Aeeaunt  ^  OUertmUmu  made  m  SeeUmd, 


OBSERVATIONS  AT  BPIMBUBGH,— Sww  fhn»i  vaUSmi. 


Fla*  Nbbbli.  First  Arc  20*. 


1MB|  Jl4f  H    A.  Kt 

Chnmctcr  «rfdi« -f  f«  diOr* 

Ther.  +  1 1'-fi 

+  11-6 
>ro«n  +  1 1  -ti 

No. 

No. 

Time  of  900 
Tlbntknt. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

H. 

9 

19  30  0 
SO  3-6 
MH) 

21  12-7 
46-5 

22  L'O-i* 
.i4-6 

23  28-3 

24  2*2 
36-8 

SA  104 

300 
310 
320 
330 
340 
330 
3f.0 
370 
3tH) 
390 
400 

9  86  S»5 
57-0 
87  81-S 

38  5-0 
394 

39  12-8 
47-0 

40  2tV4 
53-8 

41  28-0 

42  »3 

16  53-5 
68-4 

523 
52-9 
52-6 
32-4 
52*1 
51-6 
61-2 
51-9 

HMOMMFi 

16  52-46 
=  1012-46 

TtflM 

=  10IM4  j 

CVLINDSBj  No.  I. 


Metn  Time  of  the 
ObKrvationa. 

Tbcnninii. 

Time  of  300 
Viimtion*. 

Reduction 
to  IS'J  ft. 

Reduced  Time 

ReAlM4  Tbne  ofSOO 

1829. 
July  8. 

8    39  A.  M. 
8   68  A.II. 

o 

+  111 

4.  11'4 

798-312 
79e'l68 

4.  MSS 
+  0i58S 

798-964 
79e-78 

817"l2 
61M6 

Flat  Nekule. 

M. 

9     31  A.  M. 

-f  11-6 

lOlsi'44 

+  0-64 

1013^08 
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m  the  Distribution  of  the  Magtietic  Intensity.  15 

OBSERVATIONS  AT  CANAAN  COTTAGEi  nnr  EdSnliui^ 

TiMiUloirfDg  OiNarnlioot  wwe  nuMb  ■!  G 
iag  to  Mr  Aaia,  wliafe  no  wmpdm  of  CBTor  cwued  by  ihe  pwiMice  of  Inn  «ui  ba  pntinMil. 


CyuM)£it,  No.  I.    First  Arc  20°.  Cyundbb,  No.  L    First  Arc  20"\ 


if-  .  ^ 

Ther.  +  iJ-fi 
■+  l.i-O 

Tlnr.  +  14-0 
+  13-4 

Mean  -i-  U-a 

— 

ung-fNttiigr. 

Mnir-i- 13-7 

Not 

Ttate. 

"niBeorsoo 

▼ftntiMUi 

Nci. 

Time. 

No. 

Tlaw> 

Time  of  300 
vilmUoni. 

0 
10 
20 
90 
40 
50 
60 
70 
80 
90 
100 

■.    m.  m. 

1    3  4&-5 

4  13-3 
40-3 

5  7-0 
84'4 

6  1-2 
28-5 
S5vj 

7  22-J 
49-3 

8  16-6 

300 
310 
320 
330 
340 
350 
360 

H.   M.  k 

1  17  164) 
4S« 

18  10« 
M'S 

19  84 
81*0 
57-6 

lb  a. 

18  ao>s 
m 

S9-5 

29-8 
29-1 

0 
10 

20 

30 
40 
50 
(JO 
70 
80 
90 
100 

B.  K.  n- 

1  S5  10-3 
37-6 

36  4-« 
31-2 
58-2 

37  l'f)-0 
52-5 

38  l.'0-O 
46-8 

39  13-8 
41-0 

300 
310 
320 
330 
340 
350 
360 

a.  M. 

1  48  40-0 

49  6-3 
a4'0 

50  »0 
S7'5 
54-0 

51  21-51 

13  2»7 
SO*? 

S8-8 

29-3 

28-0 
i'>0 

Bate  of  Chron. 

13  29-557 
809-5:)  7 
—  -018 

Mpan  s 
Rate  of  Chron. 

18  28*iMM> 
808-986 
■~  -018 

Tlau 

>ofaoovib«; 

=  soo-sao 

Tinw  of  aoo  Vib.  st  80»1I68 

CrLDfDER,  No.  I.    First  Arc  20°. 


CruKOEB,  No.  I.    First  Arc  SO". 


No. 


0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 


1839,  July  8.   P.  M. 


Time. 


a.  M>  * 

1  88  8»0 
59  a-8 

60*3 

36-8 

2  0  24-0 

51-0 
1  18-3 

43-5 
8  ISH) 

894 
8  frO 


N... 

Time. 

a.  H.  *. 

300 

2  12  Ml 

310 

31-8 

320 

58-8 

330 

13  26-2 

340 

52-5 

350 

14  20-0 

360 

46-8 

Ther.  +  13-3 
+  12-4 

Mean  4-  IS-8S 


Tinw-  r,r  »00 
VibnitiMiis. 


18  m 

29-0 

28-  5 

29-  4 
28-5 
29K) 
28-5 


Bute  of  CbioB. 


18  88*848 
B  80»848 

—  •oia 


Tbne  ofSOO  VHm.  a  808-886 


1830,  July  &   i.  ] 


•l-»5dallx. 


Tin 


0 

H. 

2 

58  27-0 

10 

&4-2 

20 

59  21-2 

30 

48-8 

40 

3 

0  15-7 

50 

42-0 

60 

1  9-3 

70 

37-0 

80 

2  80 

90 

80« 

100 

Nn. 


300 
310 

320 
330 

340 

350 
360 


•f  lO-fl 

4  tO-4 


Moan  4-  lo-ti 


Time. 


a.  at. 

a  II 

12 
13 

14 


so-o 

23-0 
49-8 
16-8 

4^)5 
10-3 

38-0 


Time  of  aoo 
\'  itirmtiom. 


18 


S9« 

28-8 
28-6 
28-0 

27-  8 

28-  3 
28-7 


Rate  of 


13  88>4&7 
s  80e-487 
—  <017 


Time  of  800  VUo.  =  80*440 
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16  Mr  Dunlop's  Account  of  Obtermtiam  made  in  Scotland^ 

OBSERVATIONS  AT  CANAAN  COTTAGJE^— conMiaMd 
FuTNnm&  Um  AreSO*.  FiArNkmub  Vim  Am  SO*. 


No. 


0 
10 
SO 
30 
40 
50 
60 
70 
80 
90 
100 


Time- 


10 


45-0 
19-6 

29-0 
32 
380 
12-6 
47-2 
22-3 
56-5 
12  31-S 


6 
7 

8 
9 

10 

11 


No. 


300 
310 

340 
850 
360 
370 
380 
390 
400 


Time. 


10  24 


25 


26 

27 
28 

29 


0-  0 
350 

8-5 

43-  6 
18-0 
52-2 
26-8 

1-  2 
358 
100 

44-  8 


Tbcr. 


+  ia-75 


Time  of 
Vibmtlons. 


m. 

17 


150 
15-4 
140 
14-6 
14-8 
14-2 

14-  2 
140 
13-5 
l»S 

15-  3 


Mean 


Rate  of  Chronometer, 
Time  of  300  Vibratimi 


17  14-227 
=  1034-227 
~  -029 


T]Mr.4-lM 

Xmi  +  U« 

iijue. 

No. 

Time. 

Time  of  300 

V  lUiailuffUb 

0 
10 
•20 
30 
40 
50 
60 
70 
80 
90 
100 

Ik  ai.  a. 

10  36  47-8 

88  as-5 

570 

37  32  0 

38  6-2 
41-0 

39  15-5 
602 

40  850 
59-2 

41  34-0 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 

■1.    u.  a. 

10  53  3-4 
37-8 

54  12-4 
46-7 

55  21-2 
55-4 

56  30  2 
67  4-e 

89>8 
58  13-4 
48-0 

M.  a. 

17  l.VG 

i.j-y 

l.r4 
U-7 
15-0 
14-4 
14-7 
U'S 
14«9 
l.J-2 
14-0 

Rate  of  ChroBometer, 
Time  of  300  Vibrations, 


17  14-745 
B  1034-745 
—  -029 


=  I064-716 


SMBePhee. 

CvLiMOER,  No.  I.    Fiwt  Arc  20°. 


dmnanetar  giliiliig  +  dadjr. 

Thcr.  +  l5*-o 

4-  I7-0 

Mean  +  le-U 

No. 

Time. 

No. 

Time. 

Titn<-  ,ifv.m 
VilinitiiTim 

0 
10 
20 
•■M 
40 
50 
60 
70 
80 
90 
100 

n.    H.  B. 

11    6  49-5 

7  16-8 
43-7 

8  110 
.'Wu 

9  4-8 
31-5 
59-0 

10  26-5 
53-4 

11  20-3 

.300 
310 

320 

«>4<t 
:i;>0 
360 

lb    a.  i. 

11  SO  SO-0 
47-9 
SI  lA-O 
41-5 

22  9-0 
360 

23  2-3 

13  80*5 

31-0 
31-3 
30*5 
31  0 

;3l-2 
ao-8 

Ban 

Mou 

19  90-9 
a  81040 

Tim 

4 
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BBDUCTION  or  OBSERVATIONS  made  at  CANAAN  COTTAGE. 

CvLmoia,  No.  L 


r«waad 

Mmn  Time  of  tiie 
ObterTations. 

Time  of  Mt 

JUdmaaTime 
of  aw  Tib*. 

RchIucoiI  Time  of  :I00 

\','  rii'/.'iM.  •■.■Ai.u.-^l  to 

1829. 
Jaly  8. 

Ju\j  9. 

«.  M. 

1     12  P.M. 
I   48  VWM. 
i     7  r.M. 
8    6  r^K. 

11     15  A,M. 

+  14-3 

+  ia-7 

+  12-85 
+  10-6 
+  16-0 

809-  539 
808-968 
808-625 
808-440 

810-  880 

—  0-299 

—  0-118 
+  0-135 
4-  0«IO 

—  0«9 

809-24 
808-85 
808-96 
80045 
8O0«8 

827-63 
827-23 
827-34 
ffii7-64 

FutK 

■BlkU. 

/     •            "  • 

Id29. 

•  ** 

a-  >i. 
10    18  a.  m. 

10     47  A.  M. 

+  12-75 
4-  14-0 

1034ii00 
10d4-716 

+  0-21 
—  0-27 

1084  41 
10d4-44« 

Or  TUE  RtDL  CTION  OK  THK  Vl\T  NeEOLE  TO  CVLIHDBR  No.  L 

1.  From  the  Ofuertabont  ^  CoMom  Coitaffc 
1899«        M.  N.  ^ 

Jnly  9.    At  10  47  A.  W.    Eeduced  Time  of  300  vibratioiis  Flat  Ncodle  =  1034446  Log  =r  3  0147079 
 1115  a.m.    Reduced  Tim.- of  300  vibmriotn.  No.  I.         =    809  89    Log  =  2 -9084260 


Log  reduction  of  Flat  Needle  to  Cylinder,  No.  I. 

8:  FnmAa  Obimalitm i»  Qftam Mmi'*  Gmdm. 


B      ~  0>106S619 


JoljSi.   M  9  8lA.  K.   Reduced  Time  of  300  ribrmtiOM  Flat  Needle  =  1013  OB    Log  =  3  0056437 
...    '  ...  8  56  A.  H.    Reduced  Time  of  300  Tibratioiu,  No.  I.          a   798-73    I^OK  ss  8*9084000 


Log  ndnctkn  of  Cltt  Nwdle  to  No.  L 
8t  JPitKtdio  OiMfMribni 


-      —  0-I01B437 


1829.         «.  » 
Ja«S9.  At  10  51 
 OSO*.!!.  Bfldnaod 


oraOOvilmtioiMFktMwilba  108S48  Loy  =  8K)!oeS]4 
qra0OTiliitkiH»N«.L        =  80446    Log  =  <J0o7l>c3 


ofSlirtNwdlotoNikl. 

4.  MakerHotm, 


—  0*1051011 


June  29.  At  6  17  p.  h.  Reduced  Tune  of  300  vibratious  Flat  Needle  =  1024-22    Log  =  3-0108838 
...  88.  At7  16n.at.  SednsedTfaaeof 800trftnilon«»No-L        s  80944  Ldf  s  MO48I08 


Log.  redaction  of  Flat  Needle  to  No.  I. 


a       —  0-1055480 


Aa  the  abore  comparifons  preaent  cooaiderable  diacordaoce,  it  will  be  better  to  defer  the  final  re- 
ef Ao       Noodb  to  tint  of  fUamwaf*  Sludwd,  uitil  iStm  nmStti^bioiMo  oflU  t 
«tthlVo.LlmoWc 


VOL.  ZII.  PART  I. 
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18         Mr  DoHLOp's  Aeeimnt  ef  Obtervaikm  made  in  SeoUmd 


OBSERVATIONS  AT  DUNDEE. 
Tha  ObMTvatimtt  wort  iiuid«  on  tlwt  pwt  of  tbe 

CruxosM,  No. I.  FrntAieSO^. 


Thar.  •(•  l*4-« 

+  14-0 

Mo. 

Time. 

No. 

Time. 

Tim*  of  300 

Vibratlonn. 

0 
10 
20 
30 
4-0 
50 
60 
70 
80 
90 
100 

H.   M.  a. 

6  19  10-S 
88-0 

20    5  0 
328 

81  (yo 
87-5 
64-5 

22  22-0 
49-0 

23  16  5 
43-7 

300 
310 
320 
SSO 
S40 
350 
360 

H.   u.  m. 

6  32  47-6 
S3  150 

42-3 
34  9-3 

37-0 
8ft  8<ft 
80  80« 

IS  37-0 
37-0 
37-3 
37  0 
37-0 
86'9 
80*1 

Mean 

R«te  of  Chron. 

IS  36-9 
=  816-90 
—  -02 

TiiM  of  300  VUm.    =  816-88 

'  Ther.  -f  {*• 

•ft8-B 

No. 

Time. 

No. 

Time. 

TimtiirSM 

Vibraliotu. 

0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 

6  38  15-7 
420 

39  10-0 
382 

40  5-2 
32-4 

41  0-0 
27-6 
55-0 

42  22-3 
49-6 

300 
310 
320 

330 
3i0 
350 
360 

6  52  52  5 

53  19-8 
46-8 

54  142 
41-7 
&5-8 
8»ft 

13    36  8 
37 -S 
36-8 
360 
36-3 

85-  6 

86-  6 

Mean 

Rate  of  Chron. 

IS  36.413 

—  81Ci)3 

—  -020 

Time  of  300  Vito.  =  816.393 

Cvumas, No.  L  KnkAieflO*. 


1829,JulrlO.  P.M. 
Bate  of  cananQawur  flUBiiig  M 


Time. 


Na 


Thcr.  +  13-7 
-t-  IS-3 


Time. 


Time  ut'300 
VilinvtloiiH. 


m.  u. 

«■ 

0 

6  57 

140 

300 

7 

io  50-7 

13 

S6-7 

10 

41-5 

310 

11  17-8 

86-3 

20 

58 

83 

320 

44-7 

86-4 

30 

S6-2 

330 

12  12-0 

SS-8 

40 

59 

3-4 

340 

39-0 

3.')  0 

50 

30-fl 

SiiO 

13  6-0 

3o  2 

60 

57-8 

3G0I 

33  0 

35-2 

70 

7  0 

25 

.  

L__ 

80 

52-4 

Man 

18 

3:rS>0 

90 

20-0 

815-90 

100 

47-2 

Km 

>«f 

•02 

Tm^Wnbt,  s  81&88 


Na 


0 
10 
20 
30 

40 
5U 
60 
70 
SO 
90 
100 


OrumB^  M«i  I.  FfaiftAfoW'. 


ItSO,  July  10.   p.  M. 

I[H*'T*''|[  +  s-fl  dailjfi 


Thne. 


No. 


17  88  0 
M-S 

18  86  4 

53-5 

19  21-2 
49-0 

20  15-8 
43-0 
10-3 
37-6 

4« 


21 


ftaww 


300 
310 
S20 

330 

34" 
850 
860 


7  81 


88 


80 
S5-8 

90-4 

52-2 


Ther.  +  IS-S 
+  153 

Maaa-t-m 


Time  of  300 
Vifant^oiu: 


M. 

IS 


36-0 
86-5 
80^ 
S6-9 

3R0 
36-0 
3(i-i 


Tim  «r  800 


13  30-3 
B  816-SO 
.  -08 

B  SIMS 
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OQSERVATIONS  AT  DUNDEQr-ooMttnMA 

On  tbe  3ftgdia«De  Ooacd.  A]Miua00yw4»totlwwirtaf  tJieplMtifanthapraiNd^ 
Olwmnlioni  <ww  i—de. 


Cylinukk.  No.  L    Fint  Arc  20°. 


Cluww— III  grfiii^t  H-  i«'^> 

Tkm.+  lis 

.   .f  IS.B 

No. 

Time. 

No. 

Tim. 

0 
10 
20 
30 
40 
50 
60 
70 

(to 

00 
100 

■■It.  Ik 
H  29  15-8 
42-3 

30  10  7 
38.2 

31  5.8 
335 

32  0-5 
28  0 
55-2 

33  22-8 
50-2 

300 
310 
320 
3.30 
340 
350 
360 

8  43  «»8 

44  800 

48-0 

45  15-2 

42-4 

46  10-3 
37-0 

13  37.0 

a7'8 
97-0 

3G6 
36-8 
36-5 

Mnb     13  3C-986 
—  816985 

Rata(ifCknM>      —  o-20 
TbM«r800  VilM,  616*»66 

REDUCTION  OT  ran  OBSERVATIONS  «!«■  Cnmm,  N«.  I. 


Yi-ar  and 
Munlli. 

Mean  Timeoftbe 
ObwnratioiM. 

Reatm. 
Tbermom. 

Time  of  3W ' 
Vibratioiu. 

Ucduclinn 

to  +  la-'S. 

Iloilucrd  Time 
ufaoo  Viba. 

Reduced  Time  of  300 
Vibrations  reduced  to 
Uaxstku'i  itaadani. 

1829. 
JbI/  10. 

lb 

6  W  r.  H. 

6  47  p.  u. 

7  6  p.  M. 

7  26  p.  M. 

8  37  p.  M. 

4.  14-S 

+  13-9 
+  13-5 

4.  13-3 
+  13-0 

816"-% 
816-393 

815-  88 

816- 28 
816.966 

—  0308 
^0-l«7 

—  0O«0 

—  OHKM) 
4-  0-090 

81^360 
816*196 

815-  880 

816-  28 

817-  0S6 

8S6>U 
894^4 

834-96 

834-  83 

835-  «2 
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Mr  Ddnlop*s  Account  of  Obgervations  made  in  Scotland 


OBSERVATIONS  AT  BRECHIN. 

Tho  ObservAtions  were  nude  on  the  Inch,  below  the  Castle. 
CrLtNORR,  No.  L    First  Arc  20«.  CyLiNORB,  No.  L    First  Arc  20=. 


1838,  July  LL    a.  m. 
Chrbnomctn'  gtinlng  +  2±  dallj. 


tin. 


0 

2Q 

io. 

50 

m 

SQ 

9a 


Time. 


1:1 
28-5 
56-5 
24-0 
5L5 

4G-0 
ISO 

4aa 

7-5 


No. 


Time. 


SOD  m  Ifi  1^ 


310 

a2a 
ssa 
aiQ 
35a 

am 


laa 

12  80 
35-5 

1&  2:i 
30  0 
A6-8 


Tber.  +  16-fl 

lot 

Mean,  -t-  Uiai 


Time  of  aoO 
Vibrationt. 


la  38- 1 

39"! 

38-  5 

39-  0 
38-4 

3H-5 


Mecn, 

Kale  of  Chron. 


=:  818  586 

—  -Dsa 


Time  af  sua  Viba.     =  81S-jG6 


18«0,  Julv  LL 

Therm.  +  le-a 
+  19-a 

Chronometer  gainmg  -f  (hilr. 

MCMJ,   +  lil 

No. 

Time. 

No. 

Time. 

Time  <>f  300 
Vlbratiun*. 

0 

m 

la 

sa 
fia 
za 
aa 

100 

a.    M.  «. 

la  22  ^  5 
23  LL& 
388 

21  (La 
33-4 

28-0 
55-2 

26  niR 

22  LM 

300 
310 
320 
3S0 
340 
3.50 
360 

22  18-0 
450 

SB  12:5 
39-6 

SS  dfl 

a.  a. 

IS  aai> 

S9H) 
39^i 
39-0 

39- 1 
390 
38-8 

Mean    13  3n-0!>6 
RiteofCbron.        —  020 

Time  of  SflO  VIIm 

I.  =  Ml  9066 

Same  Place. 


Ctlindsb,  No.  L    First  Arc  SO". 


18S9,JulyLl.  A.M. 

Therm.  +  lfl<0 
•1-  IL& 

ChroncMiieter  gaining  +  2t£  dall^. 

Mean,  +  18-4 

No. 

Time. 

No. 

Time. 

Time  of  Sflil 
Vibnliona 

0 

m 

2Q 

aa 
la 
5a 

00 

7a 
fia 

90 

m 

H.    a.  a. 

Ifl  iS  45-3 

12  hi:^ 
403 

la  U 

49  2:5 
297 
&68 

5a  21:2 

51-6 
19-0 

300 
310 

S20 

;f'}0 
340 
350 
360 

n.   at.  a. 
IJ  0 

51-6 

1  19-3 
46-3 

2  13:3 
408 

S  8-0 

M.  S. 

L3  SflJ 
39- 1 
39-0 
38-6 

2sa 

38-6 
38-3 

Mesn 
Rate  of  Cbron. 

13  S8-714 
818714 
—  -080 

Time  of  2fia  Vibe.      =  8 18  694 
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OBSERVATIONS  AT  BRECmS.—caiiituud. 
REDUCTION  OF  tbs  OBSERVATIONS,  CrLiKOKB,  No.  I. 


Ywnd 

Monlh. 

IfMBlliiMartlic 
QbtvffTfttSoiit. 

RSAVM. 

Thwrmao. 

Time  of  900 
VOmtioiM. 

lUductkm 
to  4  IS.'S. 

Bcxlucml  Time 
ofUMVOMk 

Kcduccd  Time  of  300 
ViUtalitAit  reduced  tn 
HAanui^  ilaiKWrd. 

July  11. 

H.  M. 

ID      11  A.  M. 
10     31  A.  M. 

10    55  A.  M. 

+  16  35 
+  17  7 
+  18-4 

818'5G6 
819  066 
818-&&4 

_  0  926 
—  1-340 
_ 

817-64 
817  7-26 
817*18 

836-22 
836-31 
83d'7a 

OBSERVATIONB  AT  MONTROSE. 

The  Obsorvaaouh  were  made  on  tktj  Liuk^  Comiuon. 

Cylindeb,  No.  L    Rm  Ajc  SO'. 


Ctt  ivni-: 

ri,  -V, 

.  I,      F-'fJt  Arc  W. 

1820,  Jul 

s-  11. 

T.  M. 

Titer.  l«-0 
+  18-0 

nMOKtCT  gaining  +  2-5  duily. 

Mean,  +  18-0 

Time 

Tiliio. 

Timoofsoo 
Vibntloiwi. 

0 
10 
20 
SO 
40 
60 
60 
70 
80 
90 
100 

2  6  27-0 
540 

7  21  a 
490 

8  16-5 
48-4 

9  11-0 
38-4 

10  5-4 
SSO 

11  0« 

300 
310 
320 
.330 
340 
350 
3G0 

IT.     M.  K. 

2  20    3  5 

51-  0 
d8-0 

91  85« 

52-  5 
22  20-2 

4T« 

\S  36-5 
370 
96-a 

Sfl-0 
S6-8 
86K) 

13    "I'M  1  [ 

=  8lti-;>14 
—  020 

TintcTSOOViiM.  =818494 

lew,  July  11.  r.tb 

er  gaining  +  M  idtfi 


No. 

TlBb 

No. 

TbMk 

TmwofaOO 

0 

2  31  24  7 

300 

2  45  1-6 

r3  36-9 

10 

51-8 

310 

29-2 

37-4 

20 

32  19-7 

320 

56-1) 

30 

46-4 

330 

46  22-8 

30-4 

40 

38  lS-5 

340 

WH) 

50 

40-7 

350 

47  ITS 

SS>8 

60 

34  8-0 

360 

444 

70 
80 

358 
35  2-8 

Mmb, 

13  .36  057 

SO-8 

S  816  657 

6T<4 

Ratd«fClm. 

—  -O-iO 

■riuT.  +  IS-; 


Mean,  +  I  H  I 


TiM  •rSOO  Vik*.  =  81««9T 


Digitized  by  Google 


Mr  DuvLOP's  Aeemait  if 


made  in  SeoUtmd 


OB6ERTATIONS  AT  HOirTBCN9Q.-«M«iMriL 
The  Obtenalioiui  w«ra  mads  on  die  linln  < 


CvLimm,  Kok  L  FfartAnSO*. 


1829,  July  II.  1-.  M. 
Cbrenometcr  gaining  -f  i-b  daily. 


Ko. 


0 
10 

80 
SO 

40 
50 
GO 
70 
80 
90 
100 


Time. 


58  53-5 
53  212 
48-5 
16  0 
43-3 
10  3 
37-5 
4-5 
323 
59-8 
26-8 


54 


5* 


&6 


57 


No. 


300 
310 
320 
330 

340 
350 
360 


TIbm. 


Thtr.  -f  Vt-9 

+  18-a 


•I-17-8 


VlbnUam. 


3  6 


30-8 
St-9 

7  8M 

52-2 

8  19  3 
460 

9  1S4 


IS  37*3 
9M 
SB'S 
362 
36-0 
35-7 
86-9 


IS  36  286 
=  810-886 
•OS 


Tom  «r  800  Vibe.  810480 


Cylinder,  No.  I.    First  .Vrc  80°. 
New  Statin  dilluk  eboat  ^  of  ■  aiiki. 


1820,  July  11.  r.  H. 
Cbronom«Ur  grilling  -f  Urb  daily. 


Na 


Time. 


0 

M  U. 

3  24 

K. 

10 

10 

28-5 

20 

55-5 

SO 

25 

22-6 

+0 

50-4 

50 

26 

17-5 

60 

44-6 

70 

27 

12-3 

80 

39-7 

90 

28 

6-5 

100 

33-8 

Na 


300 
310 
320 
330 
340 
350 
360 


37  37  2 

38  4-2 
Sl-5 
690 

39  26-0 
53-2 

40  804 


Thar.  If 
+  16-8 


13  36-2 
35-7 
864) 
S04 
35-6 
35^ 
88<T 


13  35-9 
=  815-90 
Reie  df  Cbvoib    ^  "OS 

TlaMafSOOl^  81848 


BBDUCnOK  or  tn  UONTBOBB  OBSERVATIONS.  Cr&mm  I. 


Y  oir  and 

MmiThneorUie 

n',^,-T-,-:i;; 

ItEAUM. 

'V)j  rnvT.i. 

Time  of  90O 

JtKniCUOD 

to  4  1 3^.3. 

B«dueed  Thne 

Kt->l>i«ii  Time  of  300 
ViUraUuns  reduced  to 
Haxstcev's  itandtrd. 

1829. 
Jnly  11. 

2  15  P.M. 

2  40  p.  M. 

3  1  r.  M. 
3  88  P.V. 

+  ib'o 

+  18-1 
+  17-9 
-1-104 

81C-494 
810-637 
816-886 
81»880 

—  l''417 

—  1-420 

—  14U 
<^04S8 

815-077 
815  217 
814-812 
81VM 

833-53 
8.'33-74 
833-SS 
88848 

Digitized  by  Google 


on  tiw  Distribuiim  qfthe  Magnetic  Intetmly. 
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No. 


OBSERVATIONS  AT  ABERDEEN. 
The  Obcennitioiw  w«re  nude  in  •  FMd  mboot  300  Tardi  veat  of  Brid«w^*. 
Cn.niiM»,  N*  I.  FIntAie90».  CmMBi^N«.L  FintAnelM*. 


i«N,J«i7ia.  KM. 

4-»B4allj. 


Time. 


0 

4  8 

{^>-8 

10 

37-5 

20 

9 

5-8 

.SO 

32-4 

40 

.59-8 

SO 

10  27-5 

60 

54-5 

70 

11 

m 

80 

90 

12 

17-2 

100 

450 

No. 


300 
310 
320 
330 
340 
350 
360 


TiDif. 


21 

22 

23 
84 


20O 
47-5 
l.VO 
41-8 


•I-  It  A 


Time  fif  3IM) 
ViliraliiiiH. 


13 


42-7 
4*5 

41-  7 

42-  6 
42-0 
41>5 
4»S 


Man 


Ratfl  of  Chron.  — 


13  4S.185 

=  6S2  18.5 
•020 


TimeofSOOViU.    =  82^165 


llMr.4  160 

■I-  te-8 

r i 

No. 

Time. 

No. 

'J'inw!. 

Vlbratioiu. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

M.    M.  a. 

4  28  31-0 
58-2 

29  S'irl) 

SO  21  0 
48-5 

31  16-0 
4S-8 

32  10*8 
48-0 

33  6^ 

300 
310 

:'>--ri 
AHQ 
340 
350 
360 

11.      N.  ». 

4  42  13-0 
40-3 

43  7-6 
35-2 

44  30 
SOI 
57-6 

IS  l-iO 
•tkl-i 
41-6 

48HI 
41<0 
41-6 

Rate  of  Cliroo. 

IS  41.838 

=  821.838 
—  .020 

Time  of  300  Vibs.  ;=  881.818 

Ommnt  lb>  L  Rnt  Am  90*> 


Cnnonnit  No.  I.  Vim  An  fO*. 


No. 


Tine. 


0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 


48 
49 

50 

At 

58 
54 


530 

'MO 

-i-H-G 

16-5 

11-2 

S8-5 

5-8 
S.30 

1-0 
88-0 


300 

810 

'i:>0 
330 
340 
350 
360 


Time. 


S5-& 
3-0 
30-7 
57*5 

5*3 
19-7 


Mcn41«« 


Tliuo  uf  300 
Vibntiona. 


13 


42-5 
48-0 
42-1 
41*0 
41<» 
4M 
41-2 


Mean 
Kate  of  Chron. 


13  41-G57 
s  881-657 
_  0O20 


Time  of  300  Vib«.    =  82163? 


Thrr.4  1<« 
Mam  4 

N'o. 

Tunc. 

No. 

Time. 

Time  of  300 
VibfBtianii. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

M.    M.  a. 

6    8  52-4 
9  8I-0 
48-3 

10  160 
43-3 

11  11.0 
38-0 

12  5-3 
32-8 

13  0^8 
28-0 

300 
310 

i-m 

330 
340 
350 
360 

■.«.«. 
5  22  35  0 
1  23  2-6 
30-8 
57-8 

24  25-3 
520 

25  19-2 

13  42-5 
41^ 
48  5 
41-8 
44HI 
41'0 
41-8 

.Mean 
Rat«  of  Citron. 

13  ■H-.S14 

—  -020 

Time  of  300  Vibs 

-   82T  "f4 

•  la  ouUng  tbete  OfaaerrAtiou  I  waa  utiitcd     Mr  GaoMS  1**%%. 


Digitized  by  Google 


S4         Mr  DuNJ^op's  Aeeomd    ObBenaSont  maefe  m  SeoUand 


OSaERYATIONS  AT  ABBBDEBWi  ewiiftiwrf. 

Tills  s«ric(«  of  Obnmtioat  wm  nad*  m  tli*  (Brnki  Hill)  Lubi,  wttk  As  anwtaiM* 

of  Mr  Ramage. 


OnoiiiHW  No.  L  Rm  An  SO*. 


1829,  JuJj  IS. 

p.  M. 

11WK.4-tf-»  1 

4-  ll-l 

Chmumeur  gaining  ^  3-5  dailjr. 

Mcu4- 

No, 

No. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

B.  a, 

7  52  24-5 
51-6 

53  193 
46-S 

54  14-5 
4»0 

SB  9-4 
36*6 

56  3-5 
31-4 
5M 

SOO 
310 
320 
330 
340 
S50 
360 

»■  a, 

8    6  5-3 
SS3 
7  OO 
27-2 
54-6 

S 

M'S 

13  40-8 
41-7 
40-7 
40-4 
iO'S 

n-8 

SM 

BM 

IS  40.50 
s  820  50 

—  ,o» 

TuM 

RBDUCTION  or  Tn  ABSRDBBN  OBSJBEVATIONS  wim  CiumwrNo,  I. 


Yew  and 
Maatlk 

Rkaom. 
ThenDom. 

Time  of  300 
VIlMttkM. 

Beductlon 
to  +  IM 

Ilcduoed  Time 
«r8MVlbfc 

HAjMrrax*!  Staadaid. 

1829. 
JulflS. 

4    16  t.  M. 
4  S7  r.M. 

4  57  P.  M. 

5  18  p.  M. 
7    ^  fwM. 

+  16-4 
+  16'S 

+  160 
+  16-2 
+  11-35 

82^^165 

821-637 
821-794 
8»H80 

—  0-946 

—  0-«94 

—  0-883 

—  (WTO 

821-22 
8S0-984 

8ao«i4 

8»MKM 
821'185 

839-88 
839-58 

850-58 
889-78 

Digitized  by  Google 


mike 


kintmtitjf. 


S5 


OBSERVATIONS  AT  BANFF. 


On  dM  BMttry  Gvaen. 
CffUMBint  N«.  I.  Vnnt  Ai«  90". 


BM  «raitsnMtcr  •«>  I*  Mbsi 

TlMr.4-li-fi 
Mob  4-171 

No. 

Time. 

No. 

Time. 

Time  of  soo 

Vibntiona. 

0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 

II.     M.  R, 

S  31  14-8 
42  ? 

52  10^1) 
•I7-8 

53  +8 
330 

54  00 
280 
65'3 

55  22-8 
50K> 

300 
310 

■y^o 

8:iO 
:U0 
350 
3^ 

3  4-4  5S'-7 
45  20-8 

53-5 
45  21-3 

48-5 
47  16-2 

u.  «. 

13  4S-9 
44-6 
43-5 
♦9-5 
43-7 
43-2 
*M 

Men 

Rate  orChroo. 

IS  43^0 
=  8S9^0 

—  H)20 

1 

Time  of  300  Vibe.   =  623  <>8 

In  •  Field  WMt  oPBattoy  Graai. 
CiftmnMM,  No.  L  FInt  Aic  90*. 


Na 


0 
10 
20 

SO 
40 
50 
60 
70 
80 
90 
100 


Time. 


7  i7-5 
55-0 

8  22-8 

17-8 
45-2 
12-8 
40O 
7-5 
S5>S 
S-4 


9 


10 
11 


IS 


No. 


'rime. 


3(X> 

R.  M. 

4  21 

11-7 

310 

39-8 

320 

22 

6-7 

830 

34-5 

S40 

23 

2-0 

330 

29*6 

360 

Time  of  MO 

Vibrations. 


13 


44-2 
44-8 

43-  9 

44-  5 
44-2 
44-S 


Bate  ofChnm. 


15  4««f 
a  884  27 

—  02 


Time  of  SOO  Viba.  =  824-25 


InaFkitdi  at »  oouMend»l« 
Ctttran, No. I.  VSnlAicM^. 


to  the  toath-WMt  of  tho  Btttleiy  Oraen. 
CniMWB.  No.  I.  FbatAn 


iSM^Joljrii.  iu» 
ninnnim  ipiiiiit  4- 1« 

Mo 

Venn  4-  lt  » 

No. 

Time. 

No. 

Time  of  300 
Vil>nti4Uia. 

0 
10 

20 
30 
40 
50 

60 
70 
80 
90 
lOO 

m.  m. 

4  43  57-3 

44  26-2 

53  2 

45  21  2 
48-5 

46  16-6 
43-5 

47  11-0 
S9H) 

48  6-8 
340 

SOO 
310 
3'iU 
330 
340 
350 
360 

H.     M.  A. 

4  57  43-0 

58  10-S 
37-8 

59  5-5 
33-0 

5  0  0<S 

SS'O 

hi.  fU 

1 3    4.^  o 
44-6 
44G 
44.3 

44-  5 

45-  6 
44-5 

Mean 

Rate  of  Chron. 

IS  44^514 

=  824-514 
—  -093 

Tine  «r  SOO  Vibe.  =  824-490 

Na 


0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 

too 


MMkJ«lfl4.  r.ib 


Time. 


5  5 


0-6 
28-3 
55-8 
23-5 
51-2 
19-0 
40^ 
19H> 


41*0 

8-5 
36-5 


No. 


.300 
310 

320 
.330 
340 
35G 
360 


Time. 


18 
19 

20 

Si 


45-2 
12-8 
40K) 

7-5 
35-0 

84 


Ther.  +  IB  0 
+  16-0 


TiiiK'  of  300 
Vibrati«nu. 


13 


4t-6 
4V5 

44-  2 
440 
43-8 

45- 4 
49^ 


Ral« 


Mew 

of  Chron. 


IS 


44'0!4 

1)23 


Tune  of  SOO  Vibe.  =  823  99 
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Mr  DoNLin^s  AeeaunU  if  OUerva^im  niad$  in  SeaUmitt 


RSDUCTION  or  thb  OBSERVATIONS  maj»  at  BANFF  wira  Ctunobk  No.  I. 


\aa  and 

Muiith. 

Menn  Time  of  the 

OlistTvalionit. 

Tlifnni>iii.. 

Time  of  300 

Itcdurtion 
to  +  1. ■}•:(. 

Reduced  Time 

of  3<W  \  ibs. 

Reduced  Time  of  300 

ViTpratlnrm  ritUimi  tu 
11  AH'in  r.f.N's  Stand. inl. 

J  s-io. 

Jaly 

4-  18-1 

823-68 

—  i+e7 

8'2-2-2I3 

8+1  -03 

♦     Ifi   p.  M. 

+  17.65 

_  1  sso 

811-62 

4  Si  f.u. 

+  IB-fi 

8^4-«9 

—  1-590 

X41-60 

5    IS  P.  H. 

+  IT-O 

823*99 

—  MSI 

8t»-e6 

84156 

OBSERV' ATIONS  AT  PORTSOY. 
At  Um  wuth-flaat  end  «f  the  Town,  ubt  the  ToU-Bor. 
CyuwaBR,  No>  7.  Fim  Ave  SO".  Cthupbiv  Ne.  h 


1M9,  JuIt  15.    ,^.  M. 
Hate  of  tiw  (.■hnitinitii.  UT  +  2  ."> 


Ther.  +  laa 
+  190 

Jfran  +  191 


Time 


0 

II.  M. 

9  2S 

10 

SS-7 

20 

24 

1-2 

SO 

28-5 

40 

55-7 

SO 

25 

83-2 

60 

50-5 

70 

26 

17-8 

80 

45-2 

90 

87 

12-4 

100 

S9jB 

No. 

300 
310 
320 
330 
340 
350 
360 


9  36  46*2 
87  14-0 
41-0 
98  9^5 

35-6 
39  3-0 
30-6 


Time )  ,f  .-(iw 
VlbrjilUnta. 


IS 


40-7 
40-3 


40« 
99« 

S94 
401 


IS  40086 
=  880-086 
RMeofCfann*       —  -023 


Tineoraoo  VilK.  s  8MH16S 


rst'K  .luiv  li.  *.  H. 

t'hniiiiiim-UT  j^ijiiii^  +  2  .■)  diilly. 

liier.  + 

Mftt  +  la-fts 

No. 

Time  ot  :t(i(t 
VibratiuniL 

0 
10 
20 
30 
40 
50 
60 
70 
80 
.90 
100 

9  42  21-0 
48-5 
4S  16-0 
48-2 

44  10-2 
37-6 

45  5-0 
32-8 
59-8 

46  S7'5 
54.6 

300 
810 

3-'0 
330 
340 
8.50 

3  GO 

K.     M.  ft. 

9  66  l-S 
294 

55-8 

57  23-4 
49-5 

58  160 
43-4 

m.  >. 

IS  40*5 
40-9 

39-  8 

40-  2 
39-3 
38-4 
38-4 

IS  39-f>3 
=  819-63 
—  •02 

ThMeraOOVibfc  s  SIMt 

REDUCTION  OF  THE  PORTSOY  OBSERVATIONS,  with  Cyukoer  No,  L 


Year  and 
MoiKb. 

Mean  TlwK-  ni'ihc 
Oli«crvatiuu& 

Tbcrmtnn. 

Time  of  300 
VibraUaiu, 

Reduction 
to  4-  13^-3. 

Reduced  Time 
ofSWI  Vlk» 

vanSwuMmAwedto 
Il4«i*in(>  fltmkidL 

1829, 
July  14. 

H.  H. 

9     31  A.  M. 

9    50  A.  M. 

+  I'M 
+  18-65 

8^o'-Ofi3 

—  1-763 

—  1-6S3 

618-3 
817-972 

b'Sa-56 
8S6-9 

Digitized  by  Coogle 


OBSERVATIONS  AT  ELGIN. 
Tlw  ObMrvBlwMW  were  made  on  the  Gallows  Green. 


Ctlindsb,  No.  I.  First  Arc  20^.  CyLiKosB,  Na  I. 


July  16. 

A.  M. 

Ther.  +  U  7 

1410,  Julv  10. 

Ther.  +  1*8  « 

+  17-0 

Mesn  +  16\S 

Mean  +  IfiU 

Time. 

No. 

Time. 

Time  of  50« 
Vitiralion*. 

No. 

Time. 

Na 

Time. 

Tmio  of  30<) 
Vitiraliiiris. 

0 
10 

so 
so 

40 

50 
00 
70 
80 
90 
100 

B.    M.  «. 

8  26  25-8 
532 

27  21-0 
48-7 

28  16-3 
440 

29  11-7 
39-8 

30  6-8 
So-O 

SI  SO 

300 
310 
320 

3.30 
340 
350 
360 

8  40  ia>5 

41-8 

41  9^ 

36-0 

42  3'5 
31-6 
59-0 

IS  47^ 
48-6 
48^ 
48'S 

47-2 

47  fi 
473 

0 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

8  47  56-0 

48  84H) 
5I« 

49  19-8 

47-  6 

50  15-0 
42-5 

51  10-2 

48-  2 
62  5-2 

SS-0 

300 
310 
3:20 
330 
340 
350 
360 

n.    lb  » 

9  i4M 
S  IM 
44HI 
S  7-3 

S5-3 
4  2-6 
300 

B.  a. 

IS  48'5 
47'6 
4M 
47'6 

47-7 

47-6 
47-5 

Mean 
EMeof  Chran. 

18  47-842 
=  827-842 
—  -022 

Mem 
Rate  of  Chnm. 

IS  47-80 
SS  887-80 
—  -OSS 

TiMarSOOTttw.  B  eS7-82 

Tin 

•  flfSOOrVibe.  =  887^777 

BBDUCTION  OT  TU  ELGIN  OBSBRVATIONe^  wirat  Cnanm  Mo.  L 


Year  and 

Moatli. 

MMOniMrflbt 

JtMAVtU 

Tberaum. 

Tine  of  MO 
Tibntioiu. 

BcductUm 
to  +  13*'S 

Reduced  Time 
of  300  Viba. 

RcdtKcd  TUoe  of  300 
Vibrations  reduced  to 
H*mm't  Staadwd. 

1829. 

K.  M. 

8   35  A.M. 
6  66  A.  M. 

+  15-5 
+  16-8 

827^82 
827-777 

—  6-675 

—  O-OSl 

827'l45 
826-856 

845-94 
845-65 

d2 


Digitized  by  Google 


Mr  DuvLOF^s  Aeemd  ^  ObmnoiieM  made  m  SetiUimd 


OBSERVATIONS  AT  FORRES. 


TImOIn 

enniMleiD  s 

FMdB 

t«iid«f  theTOTni. 

CVLINOKB 

No.  I. 

Arc  2<V. 

CVMNOKH.  No 

.  I. 

im,  Juljr  10.   r.  M. 

o 

1  Der.     l«  3S 

+  lB-0 

.Menu  +  18-1 

!«««,  Jul,y  16.    r.  u 
CbaMBMter  gaining  4  >'3  daily. 

Ther.  +  i's-O 

+  lH-4 

Mcun  +  la« 

X 
.. 

Time. 

Time  at  MO 
Vibntioiu. 

No. 

Tb\w. 

N.r. 

Time  of  SOO 
Vibrations. 

0 
10 

20 
30 
40 

•»o 

CO 
70 
80 
90 
100 

>>«.•. 

8  90  97-0 
SI  SK> 
SS-0 

32  02 
28-3 

33 

50-8 
34  18-5 

45-8 
U  IS  0 

soo 

810 
SSO 

330 
340 
350 
360 

■b   «.  a 
2  M 

61-0 

45  19-0 
462 

46  13-2 
42-0 

47  10-0 

18  47-0 

46-0 
46-0 

4fi-0 
4a-9 
46-2 
46-8 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
lOO 

2  80  4fr8 

51  14<» 

vto 

52  9-3 
37-2 

63  4-7 
323 
5f)  7 

53  27-6 
54-8 

55  8»0 

300 
310 
320 

330 
340 
350 
360 

3    4  33-0 

5  0-8 
283 

6  23  4 
51-2 

7  188 

IS  47<* 

46-8 
46-3 

45-  9 

46-  2 
466 
46-5 

B«te<if  Chnn. 

IS   46  871 
s  888^1 
—  •083 

Meu 
RMtoofChMii. 

18  46-486 
s  886-486 
.  H»S 

Tin*  «t  SOO  Viba.  ss  8»Ki48 

Tim    900  van.  -.888^ 

REDUCTION  or  nra  FOKRfiS  OBflBRVATIONS  tnra  Cnnowm  Jh.  J. 


Year  and 
Month. 

ftfe*n  Time  of  ttu- 
Obaervation*. 

Tbermom. 

Time  of  :tOO 
Yibnitiaaa. 

Hl'iiurtlnll 

to  -»-  W  -S 

Refliu'od  Time 
of  W9  Viba. 

Kerturrd  Time  of  300 
Yibratioiu  reduced  to 
Uavbtuv'*  Staadnl 

1829. 

o 

—  1-471 

July  16. 

2    S9  p.  M. 

+  18.1 

826"-248 

824'-777 

843-52 

2    59  p.  M. 

+  18.2 

82C-4C.'? 

_  l-hO% 

824-nt:.o 

843-71 

Digitized  by  Google 


on  Oe  ZNMMmi  qfAe  MagmHe  InUntity: 
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OBSERVATIONS  AT  NAIRN. 


Tbe  ObNTvatifliu 


in  Um  Ciekl  adjulninjr  to  Um  Bridge  al  tb«  ■wuUi  wwt  end  of 

iha  Town. 


CvunvBii,  No.  I.  fbet  Aic  SO*. 


CyuHum,  No.  L  Flnt  An  W*. 


No. 


0 
10 
20 
SO 
40 
50 
«0 
70 
80 
90 
100 


iMitJi4yi&  nib 


Tber.  +  U-0 
+  W 


Time. 


7  68 


59 
8  0 


14  5 
420 

98 
37-2 

4-7 
Sl-8 
59-8 
87'2 
54-8 
22-2 
49-5 


TllBC 


300 

11.  H. 

H  11 

57-5 

13  43-0 

310 

12 

250 

430 

S20 

52-0 

432 

sso 

13 

20-2 

430 

S40 

47-8 

42-8 

S50 

14 

ia-0 

43-2 

300 

4H 

42-5 

Time  of  300 
Vibration!!. 


Meu 

Rate  of  Chran. 


IS  4S-95G 
=  082-05G 

_  -023 


Time  of  300  V  ib*.  =  822.933 


Thar.  4-  iV 

No. 

Time. 

No. 

Tlni««. 

Time  of  300 
Vibnli'ms. 

0 
10 

20 
30 
40 

50 
60 
70 

80 
90 
100 

■.    M.  a. 
8  16  21-2 
48-8 

17  16-8 
443 

18  11-6 
392 

19  62 
34-0 

SO  IS 
SOO 
68*9 

300 
310 
320 
330 
340 
350 
360 

8  30    4  0 
32-0 
59-3 
31  270 
54-7 
220 

13  43-8 
43-2 
42-5 
42-7 
43  1 
42-8 
4»8 

Me» 

Rate  of  dm*. 

IS  42-086 
=  882^86 
—  'OSS 

Timectf  300  Viba.  822-963 

CfUHDBit  No.  L  VlfM  An  80*. 


IM^JalrM.  r.M. 

Ther.  +  1 1'  « 
+  U-0 

Mean  4-  11-3 

No. 

TlBMb 

No. 

Time  of  300 

0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 

a.     w.  a. 

8  33  36-8 
SO  4-5 
8»S 
S7  0-0 
«7-6 
550 

38  22-4 
50-2 

39  17-8 
45-0 

40  IS  S 

300 
310 
320 
330 
340 
350 

aeo 

8  451  20-8 
480 
00  104 
0»8 

51  ll^O 

38-0 

52  3-8 

13    44  0 
43-6 
48-1 
48« 
48*5 
430 
43-2 

Mean 

Rate  of  CfiTon. 

13  43-9 

ss  823-300 
_  -023 

Tune  of  300  Vibt.  -  828  277 

Digitized  by  Google 
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DEDUCTION  or  thb  OBSERVATIONS  at  NAIRN,  with  Cvumdeb,  No.  L 


BDootih* 

Mean  Tiaie 

ot  the 
Olwerrationi 

RtAVU. 

Tbermam. 

XfnwafMt 
TUmtiMt. 

BifductlMi 

BeJuictton 
to  Arc  SO*. 

Time  of 
900  Vib«. 

Ueduced  'rime  of  300 
VibnUons  reduced  to 
IlAXtTKEX**  SundanL 

1899. 

a.  it« 

8     6  p.  M. 

8  S5  P.  M. 

9  44  9.M. 

+  1S°35 
■I-  1215 
+  114 

822  933 
822-963 

—  (H)13 

—  0-351 
+  0-611 

» 

-.0*784 

622^2 

822612 

OSS'lOi 

S41-62 
841-30 
841'Sl 

OBSERVATIONS  AT  FOllT  GKUKGE. 

Th«  OhMTfitioiN  wtn  wmit  on  tb  LmwI  Vkne^  at  tlM  dirtMea  of  ■bsot  fl  MSw  to  th« 

Miitli-4Mt  of  tbe  Fort 

CnixmiiMOkL  Finit  Aw  80*.  CruiiDn,  Noi.  L  FbatAreSO*. 


■It  oTCfenMBMlcr  +  9«  diQjr. 

Hmt.  +  li-o 
+  17-2 

B^teaf  ftrmiiMBPllir    '  iuny 

Ther.  +  Vjn 

+  lea 

Mo. 

Tint*. 

No. 

TkM. 

Time  of  900 
Vibnttau- 

No. 

Time. 

No. 

0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 

\i  59  27-8 
55-4 

12    0  23  0 
510 

1  190 
4fi-2 

2  14-2 
41-6 

S  9-2 
37-0 
4  4-3 

300 
310 
S20 
330 
340 
'SjO 
360 

m.  m 

1*  IS  lO'S 

43-8 

14  II-O 
S9'0 

15  6*5 

33-8 

16  1-2 

IS  48^ 

48-4 

46-  0 
48-0 
47*5 

47-  6 

47-0 

0 
10 
20 
30 
40 
50 
60 
70 
SO 
90 
100 

12  1^'  48-8 

21  17-5 
44-0 

22  12-0 
39-7 

«S  7-5 
350 

24  3-3 
39-9 
.^7-5 

£5  25-5 

300 
310 
320 
330 
340 
3.t0 
300 

12  34  36-8 
85  5-0 
S8-5 
60.7 
SO  97*4 
550 
37  22-3 

13  4«0 
47-5 
48« 

47-7 
47-7 

475 
47  3 

M  can 
ii«U)  of  Cbron. 

13  47B89 
=s  827-889 
—  -02^ 

Mean 
Rftte  of  Chran. 

IS  47-743 
S  827-743 
—  -023 

f 

Time  of  300  Vil.« 

,    ,  1 

Time  of  300  Vib«,    =  827-720 

Digitized  by  Google 
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OBSERVATIONS  AT  FORT  G^OKGB,—continved. 


TImh  ObMrvaUons  were  mnde  in  the 
Flat  Vkwoim.  FSnt  Ave  20*> 


ift3fi,juiriT.  P.M. 

Bate  of  Chnmonctar,  + 1 5  daiijr. 


No. 


0 
10 

ao 
.so 

iiO 

m 

70 
80 
90 
100 


Time. 


13  42   4  8 
400 
43  I60 

5 12 
Ii  ^^7-0 
3j  l'O 

37 
4(i  12  a 
478 
47  i»  0 
£»2 


Tlnw. 


300 
310 
320 
330 

3Ji>i 
3,10 

m 
370 

380 
390 
400 


12  59 
1  0 

1 

2 


41-2 
18-5 

51-7 
26-8 
2-2 
37-2 
12ri 
47-5 
23K) 
57-8 


Thcr.  +  ITO 


Time  ui'  :(i)0 
Vibrations. 


17  3«-4 
3f?-5 

3i">'7 
3r.  (J 

3.r0 
.3.''i 

:?o-o 

3."r() 
3.'i  2 
34^ 
846 


Bene  of 


17  :\i>.:m 
10D5-383 
-030 


TimeofSOO  Vkbntioiu,     =  1065^ 


plaee  with  tboae  of  Cylinder  No.  I* 
Vhvc  NnaeiA.  Fint  Aie  90*. 


1826,  July  17. 

P.  M. 

TiK-f.  +  I  fa 

+  l7-« 

Rate  of  duMOOMtar  +  dailjr. 

No. 

Time 

No. 

Tims. 

Time  of  900 
Vibrations. 

0 
10 
i'O 
30 
40 

:,o 
()() 
70 

80 
90 
100 

II.    M.  1. 

1  10  140 
492 

11  2;-.  2 

12  0-4 

35  :j 

13  108 
4<50 

14  21-3 
565 

15  32  0 

16  7-3 

300 
310 
320 
200 
340 
350 
360 
370 
380 
390 
400 

1  97  6(H> 

28  95-4 

29  0  7 

3«iO 

30  110 
4fi-0 

31  21  i 
56-6 

33  31-6 

17  3<i"0 

302 
35-5 

35-5 
35-2 
35-2 
35.3 
351 
S4'8 
34.7 

Rate  of  dm 

HoMv      17  .3:>  373 

=  1055-373 
in,        —  •OSO 

TiueoraoaVflintioH^      B  1(I6S>3« 

16. 


RBDUCTION  OP  ma  OBSERVATIONS  MAsa  at  FORT  GEORGE. 


CYLiMBan,  No.  I. 


Year  and 

Montli. 

Mean  Timeoftbe 
ObfervatioiM. 

Reaitm. 
Tbenaooi. 

Time  of  300 
VibnUanai 

Kihhiction 
to  +  13».3. 

Reduced  Time 
of  300  Vibt. 

Reduced  Time  uf  300 
Vlbraliun*  reduced  to 
HjuisTBUt  SUodanL 

1829. 
JnTr  17- 

12   8p.  H. 

12  2n  V.  M. 

+  17*^ 

+  Ititi 

—  r-.3-2i 

—  1014 

82G-.'545 

R2f)-706 

«4.f3.3 
84.V4S» 

Flat  Nbkdls. 

19  54  p. ». 

1  23  p.  M. 

+  17  1 
-f  171 

i():KV34a 

—  l-4i»t 

—  !  fkif! 

1 

10.">;HS6S 
10-3738 

July  17.  AtT  8  p.  M.  rod.  Time  of  300  vibrations  with  flut  nw?dte  =  1053-8  Log.  =  3-0327582 
...     '      13  18  p.  M.  red.  Time  of  300  viLrations,  cylinder,  No.  I.  =   826-025  Log.  2-9173086 


Log.  redocUoQ  of  the  Hat  needie  to  Cylinder,  No.  1.  =   —  0-1 064496 


Digitized  by  G 
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Mr  DoNu>p*8  JeeeuM  ^  (Xtervt^om  made  m  Seotkud 


OBSERVATIONS  AT  TAIN. 
The  ObNnFBtion*  wen  aid*  in  a  FSdd  n«ar  th)  ■bmA  wt  «id  «f  Ae  Town. 

CniMvn,  Nik.  L  FInt  Aw  90*. 


CniHSBB,  No.  L   Pint  Aw  9IP. 


Hmt.  +  U-4 

llli.Ju^lJL 

p.  M. 

Mm.  4- 14-7 

SlaHi.-|-M« 

No. 

Tiroe. 

No. 

Time. 

Tim«  of  :»0 
Vibration*. 

Nu. 

Time. 

No. 

Time. 

Time  of  300 
Vibnlions. 

0 
10 
20 
30 
40 
50 
60 

II.  H.  a. 

2  :-(   !  « 

4  23  0 
50.) 

.-)  188 
48-5 

6  14-3 
420 

7  97 
37-2 

8  5  3 
33-0 

.J  10 

3341 
3W 
350 
360 

H>     M.  ft. 

•J  17  49-4 

l(i  U5-5 

i;t7 

19  11-0 
38« 

20  6-3 
33-5 

13  54-2 

53-:i 

:>:\  J 

52-3 
&S0 
61'5 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

M.     H.  K. 

2  2;j  a:i  4 
v4  t*<i 

282 

561) 
85  24-0 

£1« 
90  198 

525 

27  15  2 
430 

28  110 

:mio 

3i0 
320 
330 
340 
S50 
360 

n.   m.  t. 

2  37  27-5 
5l-(i 

38  22  <> 
49-6 

39  17-3 
44-4 

40  11-8 

13  54  1 
640 
6.3-8 
53-6 
533 
62-6 

s 

90 
100 

Mwa, 
Bfltoof  Chwik 

13  52  78<J 
=  832-786 
—  026 

Hwa* 
lUtaoFCIiMB. 

13  53-074 
—  -094 

lIiM«r800Vil».   832  760 

Ti 

■MoraooviiM  ass-OS 

Same  Place  witll 


Flat  Xekri-k.     Fir«t  Arr  '20 


of  No.  I.  Cylinder. 

Vi  \T  Xkkhi  k,     First  Arc  '-0 


JuIt  lU.    r.  M. 
CtunOMUter  giuning  +  '2-$  dait> . 

Ther  +  17*-« 

4-  H-3 

Mean,  +  16-05 

No. 

Time. 

No. 

Time. 

TlffleofSOO 
VlbnUom. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

H.  IT.  a, 

2  48  56-5 

•19  .'!2-0 

50  7« 
4.'Mi 

51  107 

i,r,o 

52  3 1  0 

53  ;j-H 
41-5 

54  165 
fi&S 

300 

■.i\o 

3-20 

:uo 

.■3jO 
3G0 

;370 
380 
390 
400 

H.    H.  ■. 

3   6  4I'0 

7  164 
51-8 

8  280 

9  3-5 
388 

10  14-5 
49-6 

11  24  8 

12  00 
95<» 

17  44-5 
44-4 
440 
44-2 
43-8 
43-R 
43-5 
439 
43-3 
4»5 
427 

Maw. 

]7  4»78 
1003^ 
■08 

nneoraOOVihiitiini, 

108B75 

J8l»,  Julv  lit.   p.  n. 
ChTMMinetc't'  gaining  4-  U  diilj. 


Tbtr.  4-  14-s 


Mean,  =  14-35 


No. 

TfaMb 

No. 

Time. 

Time  of  300 

H.  M. 

H.  M. 

0 

3  16  8-3 

300 

3  33  52-7 

17  44-4 

10 

448 

310 

34  28  0 

442 

20 

17  204 

320 

34 

44-0 

30 

56-U 

330 

30U 

440 

40 

18  31-8 

340 

36  14-6 

438 

50 

19  70 

350 

49-8 

428 

60 

424 

34iO 

37  25-2 

4S4I 

70 

20  18-5 

370 

38  0-7 

49-9 

80 

3)K) 

360 

49^ 

90 

91  9»S 

390 

30  11-5 

490 

100 

99 

400 

47-0 

420 

17  43-09 
1008-09 

•03 

Tine  tf  SOD  Vibntinu,  =s 


loesoe 


Digitized  by  Google 


m  the  Distribution  of  the  Magnetic  Intensity, 
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REDUCTION  ot  THE  TAIN  OBSERVATIONS,  with  CyuNDjsa,  No.  I. 


Year  and 
Month. 

Mean  Tinif  of  the 

Ol'secv-atisJO.^. 

lltAl  M. 

i'Uoriuimi. 

'rmif  rif  3110 
VibniuoiM. 

to  +  I3'.3 

Kci lilted  'I'liiiC 

'  lU  JuwliW  (ifsno 
V  itmUoiu  neduttct  lo 
HAMttBiu'i  StuuianL 

J^I)  18. 
'  . 

9  19  p.  X. 

»S9f;^ 

+  14  7 
+  16-5 

83a-*760 

—  0^28 

839<M 

.  850-97 

July  l!t. 

.  IT.  V. 

;{  2  r-  ,M. 
9  9B  r.  M. 

f  14-35 

iooj-;5 

1 

1    —  OVi) 

10G2  7<i 

r  J«lr  ia  At  3  15  p.  jf.  Reduced  tim6  of  StiO  ribrations  Flat  Needle  zs.  1063746  Log  =  3^J6im 
\    *    .     Aft8S9v.M.   R«diMcdtiaieor900vt1imtiofMNa  I.        -  832196 Log s S-flaoaasa 

Log  Rednction  of  tl»e  Flat  Needle  to      1. 19  ^OlOflSKMO 


OBSERVATIONS  AT  DORNOCH. 

TIm  Obaemtiotu  were  made  in  tlie  Garden  at  the  Ion. 
Flat  NzKDi.n.  FInit  Ate  40^.  Fuir  2T«aMLB.  Tint  Ate'40*'. 


0 

10 
20 
30 
40 
M 
80 
70 
80 
90 


Tter.+  12*0 
Mem,  +  iMi 


7  28 

20 
30 

31 

32 


125 
48-5 
248 
0-6 
386 

486 
24-6 
696 


No. 


300 
310 
320 
330 
340 
350 
360 
370 
38tt 


Time. 


46 


47 
48 

49 

50 


33 
34 


35-8f3fHI  i 
11-S  4001 


0-8 
370 
12-2 
472 
230 

335 
!t() 
415 
2.J-0 
j5-8 


Time  oi  300 
VilmtteM. 


M.  •>. 

17  48-3 

48-5 
47-4 
467 
465 
4<51 
450 

4:.-5 

l.H) 

44  2 
44  0 


Mean, 

Rate  of  Chronometer,  — 

Time  of  30(1  Vibrations, 


17  10  16 
105G16 
•0.3 

1A(W!3 


■tita.  +  18-6 

+  133 

■  VO  CHttue 

lfoa,  +  IM 

Tinw> 

No. 

Time. 

Time  of  900 
Tllotiow. 

0 
10 
20 
30 
40 
50 
60 
70 
»80 

;t(i 
100 

7  55  Vfi 
440 

56  904 

57  32  0 

58  7-6 
435 

59  190 

550 
ft  0  ;ii)f{ 
1  0-2 

300 
310 
330 
330 
340 
3.50 
360 
370 

:m 
.390 
400 

8  12  6a8 

13  31« 

14  7-8 

423 
16  18-0 

533 

16  29-0 

17  4  0 
■U)-2 

18  160 
51-5 

17  48-6 

m 

48« 

46-9 

48-0 

•I.}-7 
4  j-5 
45-0 
45-2 
45  2 
45-3 

Mean, 

Rate  of  Chronometer,  — 
Time  of  300  Vil.rulloi)..  — 


17  461 2 
106612 
•03 

IfM'tfi  IK) 


VOL.  XII.  FjUIT  I. 


Digitizpd  by  Google 


94 


Mr  DuNL.op*»  Account  of  Olservations  made  in  Scotland 


OBSERVATIONS  AT  DORMOCU,-€tMtfutKed: 
The  Olwnvatiaiw  irare  nuul*  In  tbe  Garden  «t  ih*  Inn. 


Cylinder,  No.  1.   First  Arc  40°.  CiruMiiiBB,  No.  I.  First  Are  40°. 


1829,  July  I  a. 

A-  >t. 

Ther.  +  I&S 

+  13.3 

1039,  July  10. 

A.  M. 

Tlier.  +  is's 
13-2 

Chrooomcter  gaining     'i.!*  daU^'. 

Mean  .f  I3^t 

Cbronumctcr  gaining  +  2  6  UaUv. 

Time. 

VibratiOML 

No. 

No. 

Time. 

Vibimttam. 

0 

Hi 

30 
40 
60 

7" 

}!(» 

1€0 

H  2si  jfrO  3(K) 
aO  24  0  310 
.")2-f)  320 

31  21-(»  'XM) 
490  340 

32  17  0  350 
4d2,360 

38  IM'STO 
41-0  380 

M«|400 

8  43  52  0 
44  20  2 

47H 
4.")  1;VH 

43-4 

46  110 
35-0 

47  6  5 
333 

48  1-3 
9M 

M.  >. 

13  570 
562 
65-8 
54-8 
M-4 
MO 
533 
527 
."2  3 
52-3 
523 

0 
10 
20 
3(1 
40 
50 
60 
70 
«0 
ilO 
100 

ft  :.o  11111 
4r>2 
:.i  ]3  2 

42  (J 

52  10-0 
380 

53  6« 
345 

54  20 
30^ 
67-6 

300 
310 
320 

340 
350 
360 
370 
3«0 
3il0 
400 

y  4  128 

40-7 

5  8-5 
36-0 

6  3-8 
320 
59  2 

7  27  0 
55-0 

8  22-8 

¥y& 

13  56^0 
55-5 
55-3 
54-0 

sas 

52*5 

53-0 
528 
694» 

BiteafGhn 

MCMQ, 

iBODicteri 

13    .*)4  tut 
=  834()y 
—  -02 

II*teo 

rcbi 

13  53D1 
=  833.91 
—  02 

TimcafSOOVllmitloMp 

s  flM<07 

TiawiirSIWyiiiralNiii^ 

=  8a3ii0 

RBDUCTION  «p  TBM  DORNOCH  OBBEEVATIOMS,  mm.  CnJm»i.  No.  I 


Ymr  and 
Monlh. 

Mean  Time 
of  the  Obier. 
vations. 

Therm. 

Time  of  300 
Vibration*. 

Redurtton 
to  + 13' J. 

Reduction  to 
AreW. 

Reduced  Time 
0(300  VikM. 

ScductdHnafSM 
VibtuieJucriloRAM- 
STSSH^  Slmdard. 

Jahr  10. 

«  39  A.  M. 

n     A.  .M. 

+  13-3 
+  13-2j 

83107 
833.80 

o'ooo 

+  0-0J5 

—  0*967 

—  0M7 

85SNI3 
8S1-88 

Flat  NsKnLK. 

JnljlO. 

7  40  A.  M. 

8  •Ja.u. 

+  12  251 

+ 12-  y| 

106613 
1066^ 

+  0-415  1 
+  0-157  1 

—  1-23.-,  1 

—  1-235  \ 

hm;,v3i 

10G4-70 

h 


Jnljr  ]9.   At  7  .'>3  A.  M.    Red.  time  of  300  vilw.  Flat  Needle  =  1065  00  —  log.  3  0273496 
At84ilA.  M.    Red.  time  of  300  vilts.  No.  I.         =  833-03  =;  kg.  S-Ofl06S64 

Log.  R«dn«twa  of  Ura  Fkt  M««dle  to  Cyliiukr*  Na  I.  ~  O'lOMVfit 

Digitized  by  Google 


OBSERVATIONS  AT  HELMSDALE. 


Tti«  ObMmtkmi 


in  dM«dd  b  iHndi  tbe  Old  CMtb 
of  UMRdm. 


;  nboat  ISO  yudi 


Cyf.iNDKH  X"  I     Firxt  Arc  40- 


ryi-tsiiBn,  Nu.  T.    First  Arc  40°. 


■ 

1029,  Julj  IS. 

r.  u. 

Ther.  +  17-2 
+  17-0 

CbroDODietcr  gmuiing  4-  2  a. 

Mctuj,  +  ITl 

Time. 

Timearaoo 
▼ilmtbui. 

0 
10 

90 
30 
40 
f.O 
tiO 
70 
80 
90 
100 

"4  4y  15-7 
443 

60  12-7 
413 

51  9-6 
380 

62  5-6 
34-2 

53  2-5 
Sl-O 
58-6 

300 
310 
320 
330 
340 

3r>o 

360 
370 
3H0 
390 
4M 

it    3  14  0 
\2<i 

4  95 
376 

5  5-5 
332 

6  10 
2RK 
!:6-5 

7  24  0 

13  5«3 
578 
571 
57-3 
560 
5o-2 
555 
54  6 
640 
53-0 
53« 

BusoTChia 

18  55.62 
K  835-62 
—  <02 

Vih 

illhll% 

B  83fi«> 

1828,  July  lu. 

r.  M. 

Thcr.  +  17-0 
+  16-7 

JiimwiUlBr  gaining  +  3.5w 

Mmn,  +  IB-flS 

No. 

No. 

Tim*. 

0 
10 
20 
30 
40 
50 
60 

7a 

80 
90 
lOO 

v.    V.  A. 

5  11  8-6 
37-5 

12  5  a 
34-4 

13  24 
312 
58-6 

14  27  0 
55-5 

15  24-0 
617 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 

>.  >. 
5  25    7  0 
352 

26  2-6 
30-6 
58-5 

27  26-3 
53-0 

28  21-7 
40-5 

29  170 
44-8 

13  5a-5 
57-7 
571 
562 
561 
551 
54-4 
54-7 
54« 
53-0 
53-3 

,  IUt8  «f  dm 

OlMM 

IS  65445 
s  035445 
<iM6 

TuMofSOOVilinliniii* 

B  83548 

i  ^     REDUCTION  OP  tub  HELMSDALE  OBSERVATIONS,  wrm  Cyuioibb,  N«.  I. 


year  and 

Mean  Tboe  of  th« 

Readm. 

Time  of  300 
Ylbntloiu. 

HcdiKtioii 
tii-t-  13*.S. 

ReducUoik 
U>  Arc  W. 

Uc<luc>-<i  Tim« 
ofSOQ  Vib*. 

IMuMdllaMofSOO 
VlbratiMM  reduced  to 
KAMtnatxit  OtanduiL 

1890. 

a.  K. 

4  67r.  >!. 
6.  10fi>M. 

17-1 
16-fi6 

83M0 
63543 

~  1-198 
—  MOO 

-<W7 

8Sf43 
839^ 

852-37 
852^ 

Digitized  by  Google 
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Mr  Dumlop'b  Aeeount  tf  Otwvaiumi  made  m  SeeUand 


OBSEBVATIONS  AT  WICK 


wen  inad*  io  a  Field  a^i^'^^V  ^  of  Um  Town*  oo 

tbfl  road  to  Hiuno. 


Cvumaa,  No.  I-    Fint  Are  40>. 


CrUMMM^  No*  I.   Knt  Arc  40'. 


!B2<».  July  ao.    p.  M. 

Ciiruiiumetcr  gaining  2 


No. 

Time. 

No. 

TtaikgraOO 
▼IbnttoM. 

If .  >i  ^ 

H.      M,  n. 

0 

a  2a  13-0 

30U 

ii  3i»  12'5 

13  59-5 

10 

42-3 

310 

410 

mj 

20 

26  11-5 

320 

40  00 

575 

30 

40O 

330 

38-8 

588 

40 

27  8-2 

340 

41  4-8 

5«i(i 

50 

37-0 
28   5  0 

350 

320 

550 

00 

360 

42  07 

5S-7 

70 

330 

385 

66-6 

80 

29  10 

atn 

5»3 

55-8 

90 

29-8 

3«J0 

43  34-3 

54-6 

100 

67*6 

400 

53-9 

647 

Their.  +  14-0 

+  13  2 
MmB,  +  13-6 


Bate  of  ehupOBHtef^ 
Time  «f 900  Vibtrntion^ 


IS  66*59 
•02 


-  830«7 


C'2t!^uuuiiicU-r  gaining  +  i-i  lUily. 


Ther.  +  13-2 
Mean,  •<- 13 1 


No. 

Time. 

Time. 

Time  ofaeo 

No. 

K.      V.  11. 

a.  m. 

0 

.-.  IH  274 

.TOO 

«   2  27-0 
55-0 

13  59-6 

10 

,-«;; 

310 

59-3 

20 

49  2(i  (• 

■m 

3  23  2 

67-2 

30 

54  <: 

:m 

510 

57-0 

41) 

50 

340 

4  190 

572 

•,0 

51-5 

X'tO 

47-0 

55-5 

m 

61  1»3 

m> 

5  14-7 

A&-4 

70 

47-5 

370 

425 

fiO 

52  130 

:««o 

«  104 

64-e 

SM) 

44-0 

390 

38-2 

54-3 

100 

63  19« 

400 

7  6r0 

640 

lUia  of  diMaaawtar* 
Tlawof900\1lintiomi, 


13  Bi&» 
I  83049 
•OB 


REDUCTION  or  tbb  WICK  OB8EAVATION8. 
CmiwBB,  N»  I.  IffM  Are.  40*. 


YtU  and 

Month. 

Mean  Time 
of  tlic.Olner- 
vBtiona. 

Keacm. 

Therinom. 

Time  «r  900 
TIbmttene. 

Beduciinn 
to  +  IVA 

Reduction  to 
AicM*. 

Reduced  Time 

urawvihb 

Beduocd  Time  «r  300 
VttmtioM  ledueed  to 
BMieVBBll^  Standard. 

1839. 
July  30. 

■.  K. 

5  33  p.  u. 
5  57  r-  M. 

+  13°6 
+  131 

830^57 
836-27 

—  o"o!)0 

—  (MKtO 

.  // 

—  0-97 

—  0.07 

836^1 
835>94 

sslUo 

'8S4-93  , 

Digitized  by  Google 


cm  Cito  IXt^rihtfhn  ^tfte  Mt^gneiie  Intensify, 
OBSERVATIONS  AT  THURSO. 


37. 


imde  WMt  of  Ui«  Town,  on  tin  PbanjrlMHl  Ettotc^  id  tlie  fidd  in 
front  of  tlM'UoiiM. 


111. 11,  N'n,  I.      Fiivt   .\|.:-  -I 


Ifl29,  July  SI. 

Thcr.  +  U°8 

BitegfChnn.  4  A 

Mew  ■^■  U  -iS 

No. 

Time. 

0 

10 

so 

30 

40 

50 
60 
70 
80 
90 
100 

R     Hi  •> 

10  90  I'5 

30-2 
580 

81  270 
54-0 

n-2  2.3-3 
60-5 

33  19-0 
47-0 
1»0 
49*0 

300 
3tO 
320 
330 
340 
350 
360 
370 
380 
390 
400 

M.  k 

10  44  0<1 

2«-2 
55-8 

45  24-8 
52-2 

46  20-0 
48-0 

47  15-2 
48-0 

48  I0« 
08* 

m,     »  ' 
18  S8-5 

580 

57-  8 
.'■>7-8 

58-  0 

56-  7 

57-  5 
56-2 
56*0 
5A-8 
550 

18  &7'S7 
B  887<a7 
^  '02 

TimoraOO  VifcntloM 

=  887-3$ 

IS29,  July  21.  A.  M. 
SateofCbnia.  +  i^t. 


No. 

Time 

No. 

0 

10  52  38-0 

300 

10 

53  6-8 

310 

20 

35-5 

320 

30 

54  32 

330 

40 

31-3 

340 

50 

59-5 

360 

60 

55  27.-8 

360 

70 

55-5 

370 

80 

56  23:8 

880 

90 

514 

890 

too 

57  19>4 

400 

Rita  of  Gbvoon 

Time. 


11 


10 


n 


37-0 
5-0 
330 
o-i; 
28-0 
56-0 
23-8 
51-7 
19-7 
47'8 
15-0 


Ther.  +  U  o 
+  15-2 

M«n  +  U-0 


Ttacofaoo 


13 


S9-0 

o7-o 
57-4 
57-7 
565 
560 
56-2 
M-4 
56-0 
55-6 


Mom 


13  56.954 
B  886.954 
—  •024 


TinraoraOO  Vibnlllon  'ii^  '    =  SSS'OO 


Cyuxdbr,  No.  L  FLret  Arc  40". 


FuAT  Nesdlb.   Fint  Arc  80*.- 


IM^Joly  n.  Ai  x. 

T1IM.4-IM 

+  m 

No 

Time. 

No. 

Time. 

Time  of  900 

Vi!)rii<l<m<. 

0 
10 

20 
30 
40 
50 
60 
70 
80 
90 
100 

Ti  u  0 

15  70 

16  i-O 
32-5 

17  0-3 
28-0 
56*0 

18  84-5 
52-0 

19  20-0 

3110 
310 
320 

3;jo 

340 
350 
S60 
370 
'MO 
390 
400 

H.      >l.  '^ 

11  2rt  37-0 
20  6-S 

34-2 
30  2-0 

29-6 

&7-4 
81  250 

&2.7. 
88  81'0 

48-6 
33  16-4 

13  .■.<i-(l 

53-a 

58-4 
58-0 
57- 1 
57-2 
S7-0 
Sfr7 
56*5 
56-6 
56-4 

Mnm 

R-iU"  of  ChronomettT 

18  67^S7 
Si  887-427 
—  -027 

Tone  of  300  VibraUous 

=  837-400 

4.  1^ 

— TT-; 

4-  IM- 

'ltite«fGhnB.4^-<^ 

Ma«  4-104  ' 

So. 

Tim«» 

1  Time". 

TtBwarm 

VibrulioiM. 

0 

to 

20 
30 
40 
50 
60 
70 
80 
90 
100 

1  1   14  ;i4-.5 
4j  lU-2 
46-8 

46  22-8 
58-0 

47  34-6 

48  9-8 
45-8 

49  21-3 
56-6 

50  32-0 

30 1 « 

;Jlo 
320 
330 
340 
350 
360 
870 
380 
390 
400 

tl.     M.  n. 

12    2  25-2 

3  0-5 
36-0 

4  11-2 
45-8 

5  21-2 
56-0 

6  81*0 

7  64 
414 

8  16-6 

17  50-7 
50-3 
49-2 
48-4 
47-8 
:  40-6. 
46'S 
45-3 
45*0 
44-8 
44-6 

M««]i 

Rate  of  Chronometer 

17  47-163 

—  i(Hi7-in3 

_  -033 

Time  of  300  Vibrations 

=  1067-13 

Digitized  by  Google 


88 


Mr  DintiiOp's  Jeeotmt  ^  ObeervoHone  made  m  SeoHand 


BBDCCTIOK  w  not  THURSO  0B8BRVATXON& 


Ctukdkk,  "So.  I.  Ffnt  Arc  iO^. 


Yew  wjd 
Month. 

Moan  Tiimr 

of  Ihe 
Olwrvations. 

RCAl-M. 

Tlirmiuni. 

I'ittworsoo 

VHmtlMH. 

Jt  educed 
7  une  oi 
300  VilMb 

Reduced  Time  of  90* 
Vibntkon*  reduced  to 
KAMCTtn't  SUadaid. 

1829. 
July  21. 

H.  « 

10  »H    A.  M. 

11  1  A.M. 

11  as  A.  N. 

-f-  11 -2.7 
-1-  14-6 
-J-  10- 1 

8.')7-2.'i 
836-93 
887-40 

—  0-400 

—  0-97 

—  0-97 

—  0-97 

835-fl9 
6^56 

8&4'99 
854-96 
854-55 

Flat  Nam 

u.  Fb«t  Afc  90*. 

H.  a. 

1 1  ,")7  A.  >r. 

+  10-4 

—  1-20 

1 

1  or.4-r.r> 

1 

1 

LovR«dMtioa4ir«h«FlatNMdlkloN«.L   s   —  0>1«5M16. 


OBSERVATIONS  AT  TONGUE. 

The  UWervHtidiiN  wore  made  in  the  Garden,  in  front  of  the  Inn. 
CvuNnEii,  No.  I.    FirMt  Arc  40%  Cvlikueh,  No.  L    Flr«t  Arc  40 


r.  II. 

Thifr.  +  13-5 

+  J2-7 

galnli) 

«+^* 

No. 

Time. 

Time  of  300 

No. 

VilirutiiiiiiL 

N.  t. 

0 

6  32  3H) 

300 

0  46  29-7 

13  58-7 

10 

59-5 

310 

57-4 

67-9 

SO 

33  28-7 

320 

47  2(M> 

57-3 

ao 

66-5 

aao 

53-4 

56-9 

40 

34  25  3 

340 

48  21-0 

5.V7 

50 

53-0 

350 

49-2 

55-2 

60 

35  21-3 

360 

40  16-2 

54-9 

70 

490 

370 

440 

550 

80 

3fi 

3K0 

50  n-7 

54-2 

IM> 

;590 

;j*6 

54- 1 

100 

87  13-2 

400 

51  7-4 

54-2 

Mew 

13  55.83 

B  635-83 

Rata  of  Cbr 

—  -02 

Tim  af  800  VOnilioM 

=  8a5-81 

im,  Jul;r  22.   r.  N. 


No. 

Time. 

No. 

Time. 

Time  of  300 
Vilirutii-ins, 

H.    M.  •. 

H.  a.  «• 

0 

0  53  26-7 

300 

7    7  S4-0 

13  57-3 

10 

54-8 

310 

«1*5 

46-7 

20 

54  98-2 

320 

8  I04 

30 

51-3 

330 

47-3 

56-0 

40 

65  19-8 

340 

9  15-0 

55-2 

50 

47-5 

.S50 

430 

55-5 

60 

66  15-ft 

860 

10  110 

55-a 

70 

44-() 

S70 

38-6 

54-8 

80 

57  12«0 

3«i0 

n  6-6 

54-6 

90 

40-0 

390 

34-4 

54-4 

100 

58  7-7 

400 

1-2  2-0 

54-3 

Meu 

13  55-44 

Ther.  +  127 
+  lt-4 

McM  -flTM 


Rate  of 


s  -835-44 
—  jOS 


•raooviiKiAiMi  a  e8»4a 


Digitized  by  Google 


on  the  Distribution     the  Magnetic  Intensity. 
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OBSERVATIONS  AT  TONGUE,-«oiifHm<rf. 
Ctunoek,  No.  1.   First  Arc  40".  Flat  Hsxuva.   First  Arc  SO'. 


m 


No. 

Ttawaf  WO 
Vlbimdons. 

■1.  »• 

M. 

0 

7  15  45-5 

300 

7  29  43-0 

13  hla 

10 

16  138 

310 

30  11-0 

57-2 

20 

42-0 

.■5l»0 

39K) 

57.0 

30 

17  iO-8 

:3ao 

31  70 

56.2 

40 

38-j 

340 

35-0 

56-5 

60 

!8  7-0 

350 

32  30 

560 

60 

35-5 

360 

30-5 

55-0 

70 

19  8-0 

870 

67*« 

ao 

Sl*2 

380 

91  S»8 

64r\ 

90 

S9-0 

390 

5»0 

54rO 

100 

90  27  0 

400 

84 

53^ 

TlMr.4- 1»« 


Mean 

Rate  ot"  C'lironomeH-'r 
Time  «if  H(10  Vi)irT5flini' 


13  55-62 
=  835-62 
—  -02 


R35-«0 


CfUUDBS,  No.  1.  Fint  Arc  40". 


1889,  Jul;r  2Si   A.  H. 

■  fitotof -H* 


Time. 

No. 

Time. 

Time  of  SOU 
Vibrations. 

II.  M. 

H.    M.  ■. 

m.  *• 

0 

9    5  43-5 

300 

9  19  42-3 

IS  6»e 

10 

6  1»6 

310 

ao  11*S 

58-6 

SO 

41-4 

320 

S9-5 

58-1 

30 

7  9-5 

330 

21  7-5 

58-0 

40 

38-2 

340 

35-0 

56-8 

50 

8  o-H 

;J50 

22  3-0 

57-2 

60 

;l.J-4 

:»>0 

30-6 

57-2 

70 

9  l-.S 

370 

58-0 

56-5 

80 

3O0 

380 

23  26-3 

56-3 

90 

57-7 

390 

540 

56-3 

100 

10  8d>5 

400 

84  23« 

13  57*S 
St  6a7'3 
—  0-2 

Ther.  +  11-3 
+  120 

Mean  +  1 1  •*;.') 


TtaMcfaoOiniiMtiMM    =  83748 


18S9,  July  SS.   r.  lb 

Tlwr.  4-  1 2  2 
+  11-5 

,\  (1. 

Ttaw. 

No. 

Time. 

viMMiiias. 

0 
10 
20 

"'O 
10 
oO 
tiO 
"0 
-so 
90 
100 

n.  lb  t. 

7  39  4*0 

40  19-0 
55-0 

41  81-7 

42  7-0 
43-0 

43  19-0 
64'0 

44  SI'S 

45  6« 
41« 

300 
310 
320 
330 

;J40 

350 
360 
370 
380 
390 
400 

57 '3.3-0 

58  7-8 
43-0 

59  18-8 
.i4-2 

tt    0  30-0 

1  5K) 
41-8 

2  lft-5 
52-0 

3  27-5 

r?  50-0 

48-0 
47- 1 
47*2 
47-0 
46-0 
47*8 
4S^ 
4flH) 
45-7 

Mean 

Rate  of  Chrimonieter 

17  47-17 
=  1067-17 
—  -03 

Tiriic  of  300  Vil'nifiiin* 

-  i(Ki7-14 

CmiiVBa,  ^(o.  1.  £in4  An  40% 


Ni>. 

Time. 

No. 

Time. 

Time  iif'rtoo 
Vibratiiius. 

a.  M. 

N.  M. 

m.  «. 

0 

9  30  4-5 

300 

9  44  3-5 

13  69-0 

10 

310 

32K) 

58-7 

20 

81  1'7 

320 

45  00 

58>3 

30 

30-8 

330 

28-2 

57-4 

40 

58-7 

340 

564 

57-7 

32  27  0 

aio 

45  24-4 

57-4 

liU 

55-0 

360 

520 

57-0 

70 

33  2.3-6 

370 

46  20-0 

56-4 

80 

51-5 

.380 

47-8 

56-3 

90 

34  19-4 

390 

47  15-8 

.^6-4 

100 

47-3 

400 

4»7 

&6-5 

Th«r.  4-  J  2-0 

4-  13-2 

Mean  4-  12-U 


IS  57-3/3 
=  837-373 

Ratoof  CfaroDometer  —  -023 
"nneoraoOVibnlUHM  =  88735 


Digitized  by  Google 
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Mr  DuNLOP's  Aceeuni  if  ^tenatkmi  madt  «*»  Scoilmd 


REDUCTION  OF  Tap  OIMBRVATIONS  at  TONOUB. 
CvuMMB,  No.L  F!ntAfe40*. 


Year  md 

Mean  Time  of  the 

RiAVM. 

TlnnMMn. 

300  VilM. 

to  +  ir-a 

t»Aic40*. 

Ked.  IHnw 
ofsn  Tib*. 

Vlbntioiii  reduced  to 
llASiTEEM'a  Standard. 

1829. 
July  22. 

July  23, 

M.  M. 

8  41  P.M. 
7     9  F.  >i. 

7    24  p.  M. 

9  14  A.  M. 
9    M  A.H. 

-).  i:m 

+  12-,i.i 
+  12-3 
+  1165 
+  IS« 

835*81 
83.'>'4S 
835-60 
837-28 
S37-8A 

^  (N)68 

+  o-.uo 

4-  0-513 
^  0-217 

^(H>72 

—  0il72 

_  0-972 

—  0-973 

—  0*978 

684*90 
884*78 

8:VI-94 
836-82 
888*894 

85»e7 
858*76 
858-91 
855-83 
.  8S840 

Fiat  Mbbdlb.  Fint  Am  80*. 

July  22. 

7     51  F.M. 

+  11-85 

1067-14 

+  0'&74 

_0«82 

1067-03 

Jaly  22.  at  7   2  p.  m.  No.  i. 
...  28i.M8  86A.M.N«.I. 


£^;;;^}Me«=  86^78 


llBiljrVinbtfam  =  l-e^l 


Lug.  Red.  of  Flat  Ne«dle 
to  N«k  I.  s — 0*106$676. 


OBSERVATIOiNS  AT  INVER-BAGASTV  (West  end  of  Loch  Naver.) 
The  OfaMrvntioiu  wan  made  in  the  Fi«14  in  front  of  tbe  Iniu 
Cruitnam,  No.  I.  Pint  Ave  40^.  CruMiwii,  No.  I.  Fint  An  40^. 


1  rt25i.  July  r.  M. 
Ciiranonii'tcr  jjiiining  (•  l'-. 


Tber.  +  10-3 


No. 

Time. 

No. 

Time  "f.Toii 
Vlbralions. 

H.  M. 

■1.     M.  A, 

M.  H. 

0 

8    1  37-8 

'6m 

8  15  33-2 

13  55-4 

10 

2  6-0 

310 

16  1-2 

55  2 

20 

350 

320 

29-0 

54  0 

30 

3  2-5 

.130 

56-5 

54-0 

40 

31-2 

.340 

17  24-0 

53-8 

50 

59-0 

350 

51>S 

52-5 

60 

4  27-0 

860 

18  19-6 

52  6 

70 

54*5 

870 

47-0 

52-5 

80 

5  23  0 

380 

19  14-5 

51-5 

90 

51-0 

390 

420 

51-0 

100 

6  18-8 

400 

20  9-8 

5 10 

9aie  of  ChniiaaMtM- 


18  5^-04 
'=  839'04 
—  •02 


Tiaw  oTSOa  VibntioBB  =  838i)2 


Ifl'r»,  ,Tii!y  23.    r.  m. 
Clironoinettr  gaiuing  +  J  'l  ilidly. 


No. 

i 

N« 

[ 

Time  nfrtOO 
Vibratioua. 

0 

8  22  28-0 

300 

8  36  2.1 2 

Ts  55-2 

10 

50-4 

310 

.'>I-0 

54-6 

20 

23  25  2 

320 

37  19-2 

540 

30. 

53-0 

.130 

46-5 

5S-5 

40 

24  21-.H 

340 

88i44 

5S-9 

50 

'  49'S 

350 

«0 

88*7 

60 

25  180 

360 

39  98 

.-.IP 

70 

45-4 

370 

37-3 

.-J  1-9 

80 

26  13-5 

380 

40  50 

h\h 

90 

41-2 

390 

820 

60-8 

100 

27  90 

400 

41  0*2 

814 

Ther.  4  »-4 
4-  8-3 

MflaB4~M 


18  52-83 
s  88S«3 
— 


IlimorSOO  Vitntioos  =832-81 
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SEDUCTION  «p  TUB  INVBIt-BAGASTy  OB8EEVATION8. 

CiruMDBR,  No.  L  Fir»t  An  40*. 


Year  and 
MooOk 



Mean  Time  of  the 

RCAUM. 

Time^of  300 

BeducUon 

Reduction 

to  Aw  sr. 

Reduced  Tine 

tiwaavvm. 

R<^luced  TIbm  of  300 
ViluatlaHMdiMldto 
HMftTinr*!  BUiidari 

1829. 
Jaly  S3. 

K.  Mi 

8  10V,M. 
8  SI  F.  H. 

88»18 

+  iHwe  . 

—  0468 
~0«68 

888-118 
88»SS0 

858%S 
851*50 

OBSEll\  ATiONS  AT  BONAR  BRIDGE. 


Th*  CMiMmttoiM 
CruMBki,  Na  I.  FinlAieiO''. 


bit. 

Time. 

No. 

Tim»-. 

Time  of  300 

Vlbimttons. 

0 
10 
20 
30 
40 
SO 
60 
70 
60 
90 
100 

n.    M.  ». 
10  35  7(1 

36  3-5 
32-5 

37  0*4 
28'« 
56-5 

38  24-4 
52-2 

39  20^ 
48-0 

300 
310 
320 
330 
340 
350 
360 
370 
380 
890 
400 

10  49  a2 
320 
59« 

50  27-5 
55-2 

51  23*4 
50-5 

48-0 

53  13-5 
41-4 

m.  .. 

18  56-2 
56^ 
56-1 
5M) 
54-8 
55^ 
54*0 
5»9 
58*8 
53-3 
53-4 

MwHt 
Rat«  of  Climn. 

IS  54*754 
=  834754 
—  -024 

Time  ut  auo  Vtb*. 

=:  834-73 

KineardiDe  Im. 
Ctummaj  Mo.  I.  FintAie^O*. 


•fl&-9 

M•■l^+t»• 


Nn. 

Tinif. 

Nci. 

Time. 

V!l,r»tlon». 

0 

10 

57  '_>9-2 

300 

11  11  25-5 

13  56-3 

10 

a7e 

310 

54-2 

56-6 

20 

58  25-5 

320 

12  22  0 

56.5 

30 

54-6 

380 

49-tt 

56-2 

40 

59  22-5 

340 

13  17-8 

55-3 

50 

50-3 

350 

45'6 

65-3 

60 

11 

0  18-3 

360 

14 

544 

70 

46-5 

370 

40-8 

53-8 

80 

1  14-3 

380 

15  8-0 

53-7 

90 

42-2 

390 

35-6 

63-4 

100 

2  10-2 

400 

16  3-5 

53-3 

Mean 

13  ji-0i4 
=  835-054 

H«tf  of  Chron.  —  0-24 
Time  of  300  Vihs.    =    S35  03 


VOL.  XII.  FART  1» 


Digitized  by  Google 
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REDUCTION  OP  OBSEHVATIOMS  mam  at  BONAR  BRIDGE. 
CvuwDn,  No.  T.  Vtnt  An  40*. 


Time  of  the 

Reaum. 

'Hmeof^aoo 

BadncUn 
to  +  irj. 

Reduction 
to  Arm*. 

Reduced  Time 

R«.-<liitoil  Time  ui'  3iK» 
Vibntlaoi  reduced  to 
BA»»*ntir'»8tn4«rd. 

1889. 
JidyS4. 

10  48  A.M. 

11  6  A.lf. 

4.  14*75 
+  15-9 

884'78 
885H»8 

ft 

—  0-45 
~0«0 

fi 

—  0-97 

—  0-97 

8d^31 

85»n 

OBSBRVATIOMS  AT  INVEBNBSS. 
The  Otwervations  wmn  made  in  a  FhU  near  the  north  radof  the  Town,  on  tfae  Dingwall  Road. 


CvMnpUr  No.  L  Hist  Am 90*.  CffiJWMn,NaT.  VlniANSO*. 


1B3V,  July  m 

r.  X. 

ft 

Ther.  4-  13-3 
•I-IM 

I8S9,  July  m. 

1-.  >i. 

Ther.  +  I2V 
4>IM 

ChfoiKMiMiwr  gaining  ■+  S-5. 

Mam  +  IMS 

ChronoDieter  guning  +  t*&. 

Memn  4-  It  s 

No. 

No, 

Tina. 

TtaMofSOO 

Vn>r«tione. 

No. 

Time. 

No. 

Ttaie. 

Time  of  300 
VlbnOlaiu. 

0 
10 
20 
80 
40 
30 
60 
70 
80 
90 
100 

K,    M.  ^ 

6    0  31-3 
1  9-0 
■27-S 

■yi-& 

SI'S 
S  1«<4 

47*0 

4 

42-7 
5  10-3 

aixi 

310 
320 
3.30 
340 
350 
860 
870 

aso 

3»0 
400 

(3  14  l>I-(t 
47-H 

15  iti-0 
43-7 

16  I0« 
»7 

17  6-0 
33-3 

18  0-4 
28-0 
55'8 

M.  ■■ 

13  49-7 
4j^-H 
486 
48-9 
4&9 
47^6 
46^ 
46-3 
45-4 
45-8 
45-0 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

H.   a.  B. 

6  20  50'& 

21  19-0 
46-5 

22  U-6 
42-6 

23  10-2 
38-4 

24  6-0 
340 

25  2K) 
29K) 

300 
310 
320 
330 
340 
350 
360 
370 
360 
390 
400 

M-  a. 

6  34  .'J9-7 
3a  7-6 
35-3 

36  2-6 
29-7 
57-0 

37  24  7 
52-3 

38  20-0 
47-0 

39  14-6 

\3  49-2 
48.6 
48-8 
47-8 
47*1 
4fr6 
46-3 
46-3 
46-0 
45K) 
4M 

Bale  of  C 

NnMort 

IS  47-173 
=s  887*173 
^  •OSS 

Rate  of  CbnaooMiter, 

18  47-046 
s  887-045 
-OSS 

fEluM  of  90O  V^OratioMi 

s  887*15 

Tin*  of  800  \^bntiaiu, 

s  827-OS 

Digitized  by  Google 
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OBSERVATIONS  AT  INVERNEBSi-eoiKaiiMf. 
FfaATNwMiV.  FinkAivfOo.  9Wt2<«wu.  Urn  Am! 


m.  a. 

Thn-f  ll-3 

Mem  4- 1»06 

Tim*', 

Ka. 

Timf. 

Time  of  300 
Vibntioos. 

0 
10 

so 
so 

40 

50 
60 
70 
80 
90 
100 

H.     M.  11. 

6  44  15-4 
50-5 
86-H 
1-0 
37-2 
lS-8 
4»0 
29-4 
58-5 
34-6 
(H> 

300 
310 
320 
330 
340 
350 
S60 
370 
380 
390 
400 

B,  H.  a. 

7    1  53-5 
28-5 
4-0 
39-3 
U-3 
494 
844 

35-3 
104 
45*5 

H.  a. 

17  381 

37-2 
S8-3 
87-1 
36*5 
M>5 
36-6 
3G"6 
35-7 
35*5 

Moan 
Rate  of  Chrouometer 

17  36-90 
=  1056-90 
—  -08 

Tim*"  of  30<l  VibrnJion* 

—  !n5rv87 

inibJiiljrML  nv. 

ner.  -f  f t« 
4-  ll-S 

Mnb4-1i«» 

Xo. 

Time. 

No. 

Vibntloiu. 

0 
10 
8» 

SO 
40 
50 
60 
70 
80 
90 
100 

H.    U.  lb 

7  11  40-2 

15-8 
51-0 
27-0 
2K> 
97*5 
18^ 
48-3 
2S-5 

34-5 

30O 
310 
320 
330 
840 
S50 
300 
270 

9m 

400 

tk    M.  ■> 

7  29  18-2 

28*8 
4*2 

sg-o 

IVQ 

4M 

24-7 
69-2 

>■ 

17  3H-0 

0*7.  1 

37-8 
37-2 
37-0 
864 

S»S 

3C-5 
;Jj-7 
35-5 
35-5 

Moan 
Rat«  nf  Chronometer 

17  36-67 
B  1066-67 

—  -OS 

Time  of  300  V)l)ration« 

=  1056-64 

BSDUCTION  «r  OBSBBVATIOMS  luin  at  INVBBinBB& 

CvLitiUMR,  Nu-  I.    Pint  Arc  30°. 


Year  and 

Month. 

Mean  Time 

Rkaum. 
Thcnnaob 

Time  of  300 

lleduction 
to  i- 

RcdiU'tioti 

liiiduced 
Time  of 

lUduced  Time  of  309 
VlbraUoiM  reduMd  t* 
BAirRnif<it  8taidiii& 

1829. 
July  26. 

a.  MW 

6    9  P.  Ji. 
•  Mp.li, 

+  12-95 
+  194 

atfis 

<874S 

+  041 

—  0>68 

9ah4 

89841 

84&48 
84941 

Flat  NiBDLa.  FimAtcSO'. 

July  26. 

b     oft  P,  M. 

7   S4  p.w. 

+  12-05 
+  114S 

1056-87 
10M44 

4.  0^39 
4>0>54 

1067-^ 
10ft7'18 

LvMdMtianiiftlMnaftN«adle«>CylM«rN0.t.  s  ~0>1«67781. 


Digitized  by  Google 
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OBSERVATIONS  AT  FORT  AUGUSTUS. 


WHMb  the  FM,  on  tin  thtOhMm  Btmrf 
Cnummii  Mo*  !•  FliW  An  80^* 


Oat  «f  tto  F«it,  dktnft  alMMt  300  «r  400  ywb. 


July  37.   A.  M. 

Chrnnnmetpr  gaining  +  t-i. 

1  cicr.  T  1 4'o 
Mean  -t-  U-Ob 

No. 

TfaM. 

No. 

Time. 

Time  of  300 
VlbratkoiM. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

N.     H.  >^ 

10  4  -lO-O 

5  7'6 
35-5 

6  3-3 
31-2 
69-0 

7  se^ 

54-5 

M  2'2-2 
49-rt 

320 
330 
340 
350 
360 
870 
380 
390 

10  18  29-0 
56.8 
19  24-0 
51-8 

50  i94 
46^5 

51  14-5 
41-5 

22  9-0 
3G-4 

13  49K) 
49-3 
48-5 
48-5 
46r0 
47'6 
48-3 
47-0 
468 
46-<> 
46-2 

lUtaoi 

13  47-80 

3S  a87«o 

—  -OS 

Tin*  0 

raoo 

s  8a7'78 

<«'_>^,  July  Jn.    A.  M. 

It 

ChruaosicU-r  ^ning  +  S*S. 

Th«r.  +  li-t 

Mean  -•-  1S-3S 

No. 

No. 

Time  of  300 
Vlbimtions. 

0 

10 

so 

80 

40 
.50 
60 
70 
80 
90 
10(1 

10  29  2.5-0 

30  2O-0 
48-0 

31  16-0 
4»5 

38  11« 
3»S 

33  7-0 
34-8 

■44  1-8 

300 
310 
320 
330 
340 
350 
300 
37U 
380 
S90 
400 

It,   u.  a, 

10  43  19-3 
41-2 

44  ^6 
86-8 

45  4*3 
SI'S 

46  m 

54-0 

47  SI-5 

48-7 

.. 

M.  It. 

13  48-3 
49-2 
4«-» 
48-8 
4M 
4»0 
47-9 
47-3 

46-7 
46-9 

18  47-90 
m  897«90 
—  "W 

TfaM  i 

If  MM 

1  VOimtioiu, 

=  flaT'88 

RBDUCTION  or  OBflBRVATIONS  mob  at  FORT  AI70U8TU8. 


YtWMid 

Montli. 

Menti  Time 

ofUte 
ObmmOtm*. 

Vmav*. 

Thannom. 

Time  of  9M 

VitmtiofiB. 

Htductton 

to  +  I3*'S. 

IMnctloa 

to  Arc  SO". 

Beduccd 
Time  of 
300  Vibs. 

RedMced  Time  of  MO 

Vilirations  re.Juc«i  lo 
HAVsTr.Ls's  Standard. 

1829. 
July  27, 

H.  H. 

10   13  A.  M. 

10  88  A.  M. 

+  14-85 
+  IMS 

827'-'78 
887-68 

—  0^48 

—  (H8 

—  0-3;i 

— 0-sa 

826-78 

aa»78 

845-56 
64M8 

Digitized  by  Google 
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OBSERVATIONS  AT  FORT-WJLLIAM. 

b  ia»  OUBvriia  (hmnui. 

CrbimiBii,  No.  L  FintAic90«. 


The' 

QnjBnmMt  N<k  L  Fint  An  90". 


im^  July  37-  r-M. 

Tbor.  +  tS^ 

18>»,  July  37-   V.  u. 

Thcr.  +  W-8 
4-lt« 

|iiiiifl 

CbnoiniKtcrgwiniiig  4- 

JiMn4-IM» 

No 

TiMi 

No. 

Time  of  300 
Vibntiooa. 

Na 

No. 

Time  nf  S<)<l 
VihrBliuiij. 

10 

20 
30 
40 
50 
60 
70 
BO 
90 
100 

M.       If.  ^ 

6  47  3-5 
31-3 
56-7 

48  »Q 
53-6 

49  21-7 
48-8 

50  16-7 
43-4 

51  110 
88-0 

900 
310 
320 
330 
340 
350 
360 
370 
360 
390 
400 

K.  M. 

7  0  48-5 
1  11-2 
88-5 

a 

88-4 
8  1-8 

27-8 
55-0 

4  22-8 
49« 

5  17-0 

f9  40-0 
SS>-9 
89^ 
894 
39-6 
89-5 
S'J-O 
38-3 
89-4 
38-8 
SM 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

7  7  50O 

8  17-8 
45-5 

9  19*7 
40-8 

10  1-% 
36-0 

11  2-8 
30  7 
580 

18  95*7 

300 
310 

320 
330 
340 

350 
360 

370 
:jso 
31H) 
400 

M.    H.  H. 

7  31  30-0 
58-2 
88  8fr3 

m 

88  80*8 

47-8 

^  24  1.V8 
420 
25  9-8 
37-0 
86  8-8 

40-4 
40-7 
4<^ 

S9-5 
4^0 
39-8 
39-2 
39-1 
99« 
SB^l 

Mmd           13  39-32 
s:  619  8» 
toof  Cfcna.       —  i)S 

Ba 

18  39-645 
B  819«45 
•095 

Tinwof  aOO  VUm. 

=  619^ 

Hi 

■wofaOO  ViU. 

=:  819«8 

CYLiNPMt,  No.  I.  Fint  Arc  SO'. 


FuT  Nbsolk.    Fint  Arc  20' 


Tbcr.4-18-A 


4-  It-J  v 


No. 

itme. 

No. 

Time. 

Timr  ..rsoo 
Vibration*. 

IT.    M.  «. 

n.    M.  I. 

n 

7  30 

30O 

7  43  56-0 

h  41-2 

10 

•1-2-2 

310 

44  23-5 

41-3 

20 

31  100 

320 

50-5 

40-5 

30 

38-0 

aao 

4i  IH-O 

40-0 

40 

32  5-6 

340 

45-2 

35)-4 

50 

330 

350 

46  120 

89-0 

60 

38  0-2 

300 

40-0 

39-8 

70 

87-5 

370 

47  7*8 

89« 

80 

SSK) 

380 

U% 

89>8 

90 

84  22-6 

890 

48  1'4 

88« 

100 

49-8 

400 

88-7 

88-9 

Ratp 

Mean 
of  Chron. 

13  89-86 
s  819^6 
—  -08 

TiiM  of  800  Vibf.  s  819-64 


t«8B^Jttljl7>  X- 

t4-*«> 


Thar.  4-  IM 
4- 114 


Na 

No 

Time. 

Time  of  300 
VibMtioU. 

H.  a.  t. 

II.    a.  a. 

0 

7  59  M 

800 

8    9  35-2 

17  29-9 

10 

41*0 

310 

10  10-7 

29-7 

20 

58  16-5 

820 

45-0 

29-5 

30 

51-2 

380 

11  20-0 

28-8 

40 

54  26-8 

840 

542 

27-4 

50 

55  1-5 

850 

12  30-0 

28-5 

60 

86-8 

360 

13  4-5 

27-7 

70 

56  11-6 

870 

99-8 

28H> 

80 

46-6 

880 

14  14-8 

87-4 

90 

St  91«8 

390 

49H) 

97-9 

100 

ovo 

400 

15  84-5 

87*7 

Mean 

17  88^ 

\\&U-  of  Chron. 


=  1048-345 
—  -035 


Timeof  300  ViW.       s  1048-81 


Digitized  by  Google 
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BKDUCTION  or  tm  OBSIBVATtONS  mam  at  TOBT-WILLIAM. 


Y«ar*nd 

Month. 

1p4V4 

McnUiiWflftltt 

Tlminan 

intmtiaai. 

Viliratiim*  mluooi  to 

j|1AJi>TEKjf  S  aUw*uA*l4> 

1629. 

Jdy  S7. 

M.  H. 

6  56  P.  M. 

7  17  r.M. 
7    48  P.  V. 

+  1^ 
■|.  IMS 

819HS2 
81»84 

+  <>12 
-1-  0-SO 
+  04S 

~  (ho-' 
—  0-32 

8is-m» 

819-d 
81944 

837-92 
88846 

Flat  Nsbulb.  Fiitt 

Alt  90*. 

J«ly97. 

8  Sv.li. 

4.  1W5 

10«&i81 

+ 

OK) 

10484)1 

LivBdbetimiof|]wFlttNMdl«toC]rli^,Na.I.   a   — 0<107S088. 


OBSERVATIONS  AT  OBAN. 
The  ObMNTBtiooi  were  aiAde  0*  the  high  gnrandt  nortb-flHt  of  Um  Town. 

Cyliniub,  No.  I.  FSnt  An  95".  Ctumdbk,  No.  L   First  Arc  23". 


f4-a*-«. 


Thcr.  +  18-4 

■t-18-4 


4-  I&4 


No. 


Tim*. 


No. 


0  10 
10 1 
20 
30 
40 
30 
60 
70 
80 
90 
100 


M. 

30 


31 
32 
33 
34 


'2m 

35-5 
22-8 
30-4 
17-8 
430 
11-8 
39-8 
70 
34-2 


;^()0 

310 
320 
330 
340 
330 
360 


Time. 


TinwufSOU 
TlbMtlaiw- 


11 


38-8 
60 
33-0 
0-0 
S7-5 
54-4 
22-2 


13 


38-6 
38-0 
37-5 
87-2 
87-1 
36« 
87-2 


Mean 
Rat«  wf  Cliroii. 


13  37-46 

—  si7-4(; 


Time  of  300  Vib«.  =  817-44 


Ther.  +  1&4 

+  is-s 

No. 

Time. 

No. 

Time. 

Time  of3«a 
Vlbflrtioiu. 

0 
10 

20 
30 
40 

30 
60 
70 
80 

0(1 
100 

11  17  41;  I) 

18  9-0 
36-7 

19  3-8 

32-  0 

ae-7 

90  96-8 

33-  3 

21  21-8 
48-3 

22  13-6 

300 
310 
320 
330 
340 
330 
360 

n.    a.  *. 

11  31  20-3 
47-7 

32  14-8 
41-5 

88  84 
86^1 

94  St'B 

l:{  ;^8-.i 
3tf-7 
38-1 
37*7 
87*9 
37-3 
360 

Mean 
Rat«  of  Chron. 

13  37-64 
B  817'64 

—  02 

T'u 

<f  ,,f  nnn  \'ibK.  —  817-62 
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OBSERVATIONS  AT  OBASg—contimted. 


CruNDKR,  No.  I.    First  Arc  25". 


July  38. 

A.  M. 

Thenn.  +  1#S 

+  lB-9 

ChronomcUn^  ginning  +  ^  (Uiljr. 

Mna-f  U-4 

No. 

Time. 

No. 

TiiM. 

Time  of  300 
VIbntiaiM. 

0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 

11  37  .59-3 
«8  87-0 
S4rO 

48-8 

40  16-8 
43-7 

41  IH) 
38-4. 

42  58 
33-0 

300 
810 
880 
880 
S40 
350 
360 

u.    u.  ■. 

11  51  38-0 
324 

SB  mo 

53-0 
54  19-B 

M.  «. 

13  38-7 
38-0 
38*8 
87^ 

M 

6'1 

Mem 

Kaus  of  Cliran. 

IS  37-444 
=  817-444 
—  0-24 

TbH««r8MVi« 

.  =  817««8 

REDUCnON  w  tm  OB8BRVATIOM8  lum  at  OBAN. 


Ctunbib,  N«.  L  KntAieSS*. 


■■  — 1 

Year  ami 

Month. 

Mean  Time  of  the 
ObservKtioiMk 

Rbaum. 
Tbermoea. 

VibmtksM. 

Seductlgn 

to  +  la'-x 

Beduetiou 
to  Arc  91^. 

Eeduced  Time 

ofaoo  vib«. 

RediK-eil  Time  of  300 
Vibrations  reduced  to 
HAnernn'i  ■tUMbnl. 

1829. 

It.  M. 

to  58  A.  M. 
11  80  A.II. 
II  46  A.  It. 

+  18-4 
4- 18^ 
+  184 

817--16 
1  817-64 
817<tt 

—  1-55 

—  1^ 
— 1-55 

—  o"43 

—  0-43 

—  0^ 

B 16-46 
815^ 
8I«4« 

^4-01 
884-21 

9a»m 
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So. 


OBSERVATIONS  AT  INVERARY. 

The  Obscrrations  vrtn  BldB  ID  a  Field  west  of  the  Totvn. 

Cs-bnawm  No.  I.  FSratAnaS". 


CyLiHMM,  N«  1.  Pint  Aie  SS". 


Time. 


No. 


Time. 


ft.  M. 

0 

8  -28 

57-5  1  300 

H  42 

34-8 

10 

29 

25-2 

310 

43 

2  0 

20 

52-3 

320 

29' 3 

SO 

SO  so  0 

330 

56-3 

40 

47-0 

340 

41  m 

50 

31 

14-5 

350 

50-8 

60 

41-5 

360 

45 

17-5 

70 

32 

y  0 

370 

44-5 

80 

3f)-2 

380 

46 

12*0 

90 

SS 

3-5 

390 

39-5 

100 

31-0 

400 

47 

6-5 

•.  +  ua 

+  Ift-2 

MiMn  ■¥  14-e» 


l  inve  afdOO 
Vibntktw. 


13 


37-0 

36-  8 

37-  0 
S6-S 
804 

304 

35-5 
35-8 
360 

35-5 


Mflu 


HoM  of  800  ^^IfMknH 


13  36-245 
a  816-245 
~  •025 


=  81648 


No. 


0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 

too 


Time. 


Ne 


8  48 
49 

50 


51 


52 


sy-B 

7-4 
354 
1-8 
298 
574 
Ur9 
51-3 
18-2 
460 
53  134 


300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 


Time. 


Th»+M4 
Mew  ■t-la^s 


VI  Ural  ions. 


2  17-6 
44-8 

3  124 
394 

4  64 
884 

5  0^5 
27-8 
55-2 

6  22-7 
6  48*0 


13 


37-8 
37-4 
37-0 
37-2 
36-2 
864 
968 
86-5 
374 
36-7 
36-0 


Rale  of* 

TfcwfSOOvnmiDM 


13  36-774 
s  816-774 
—  484 

1z  818.75 


PlavKbbslb.  FintAnSOP.  FutNumls.  FinitARSO^. 


I«2M.  .liilv  -JO.     *.  M. 
Chrunomeler  gaining  2'S  dail>'. 

Th«r.  +  18-8 
Mewi  +  18-3 

1839,  July  ».    A.  M. 
Chroaoineter  gaining  +  2-6  dailv. 

Ther.  +  IB-* 
•t-  IM 

Mpan  +  184 

No. 

Crimea 

No.  j  Time. 

Time  of  300 
Vibrationt. 

Na 

Tfaua. 

Na 

TfaneoraM 

VibraHons. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

9  13  13-6 
480 

14  23-0 
57  8 

15  33  0 

16  7-7 
49'6 

17  174 
52-5 

18  27-6 

19  21) 

300 
310 
.320 
33(1 
340 
350 
860 
S70 
380 
390 
400 

9  SO  384 

31  12-2 
47-0 

32  22-0 
56*8 

88  814 

54  6  -5 
414 

55  104 
614 

36  26-0 

».  H. 

17  24-4 
24-2 
240 
24-2 
SS-8 
8S9 
834 
234 
83-5 
23-7 
844 

0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 

11.  tv 

9  49  37-3 

50  12  5 
48-7 

51  224 
574 

58  89-0 

53  7-0 
422 

54  174 
584 

55  874 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 

m.  m.  K 

10    7  24 
37.0 

8  124 
468 

9  S14 
00*0 

10  Sl-2 

11  CU 
402 

12  154 
50-5 

r?  24-7 
24j 
234 
24-0 
84>S 
944 
242 
23-8 
224 
834 
884 

Rate  of  Ch 

Mean 

17  23-9 
B  104S4 
—  48 

Mmb 

17  23-97 
s  1043-97 
—  -OS 

Tiiii««rS00  Vibnttiow 

=  10^47 

Tfana  «r  800  Vlbntwo* 

=  104944 

9 
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BBOUOnON  ov  TOt  INVERARY  OBSBRVATIONa 
CruMBBB,  Nob  I.  FEnt  Are  S5*. 


ZCV  HM 

Moath. 

the  Ota«y»tlons 

Therm  nm. 

Tfmeflf  SOO 

I.,  1  rv.x 

■Red  Oct  1™ 

tfi  An  •-">" 

UeA  Tfme 

Reduced  Time  ot"50(J 
Vibnitlun*  reduced  tu 
HAMsTEEx'i  ttandard. 

1829. 
July  29. 

8  37  A.  M. 
8  87julb 

+  1V85 
+  18^5 

816-22 
B18r95 

ti 

—  0-17 

—  1H)4 

—  0-43 

—  0-48 

815  32 
815-88 

8i3-84 
88840 

Flat  UtaanuL.  Itnt  An*  SO*. 

9  85  a.  It. 
10  Sa.!!. 

18-8 
18« 

104S'87 
1043-94 

_l-44 
^1-68 

00 
0H> 

I04S-38 
1048-81 

L«f.  RadoetioD  of  the  Fht  Need*  to  Cyliodar,  No.  L  a  — 0-1066e8ft. 


OBSERVATIONS  AT  GREENOCK. 

The  ObsenationA  were  made  in  the  Field  in  which  Mr  Ueuon's  Obscrvatury  stands,  and 
mbout  180  yards  diatatit  from  tlw  ObavrvRtory. 


CniKViB,  No.  I.  Fint  Are  95*  CrLiNMS,  No.  1.  FJnt  Are  95*. 


1829,  July  39.  r.  M. 
Chronometer  gaining  ii-6w 

Thcr.  +  13^) 
+  12-8 

1829,  Jul;  29.  F.  X. 
Chronofflcter  gaining  +  Vh. 

Ther.  -t-  1 18 
4- 11-4 

Mem,  \%» 

No. 

Time. 

Ko. 

Ttan*. 

Time  of  30O 
YitMrtttons. 

Ka 

Time. 

No. 

Tin** 

Time  nfSOO 
Vibntlons. 

0 
10 

so 
so 

40 
50 
60 
70 
80 
90 
100 

6  54  80-3 
47-5 

55  l.rO 
41-8 

56  9-2 
46-5 

57  3-.-> 

51-  0 
57-8 

58  85-0 

52-  0 

300 
310 

.320 
330 
340 
350 
300 
370 
380 
390 

■.     K.  1. 

7    7  51-3 

8  ia8 

45-5 

9  12-4 
39-8 

10  6-0 
33-0 

11  0-5 
'  87*5 

54-0 

■ 

a.  %• 
IS  81-0 
Sl-S 

30-5 
SO-6 
80-5 

295 

295 

m 

88-7 
nrv 

0 
10 

20 
30 
40 
50 
60 
70 
80 
90 
100 

7  16  4-8 

sto 

59-5 

17  26  8 
.')3-5 

18  21  0 
48-4 

19  15-7 
428 

20  9  4 
36-8 

800 

SIO 

320 
330 

340 
350 
360 
370 
380 
890 

AM.  1. 

7  89  86-8 
SO  8-0 
SO-O 

57.0 

31  23-8 
61-0 

32  17-5 
44-8 

33  11-8 
39-0 

a.  •■ 

18  81-9 
81-0 

30-5 
80-2 
30-3 
300 
29-1 
89-1 
9»0 
89-6 

Mm      13  30-11 
=  810-11 

RtMorChMtMMMr     —  "OS 
TImoTSOO  YikfUicM  sSIOHW 

Men      13  30-07 
=  810-07 

BitoflfClnnioaNtv     —  -OS 
Tine  cT  809  VihttkM  =  81005 
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OBSERVATIONS  AT  qRBBKOCK,  ■  ewrf&wwfc 


CvutmaB,  No.  I.   Fint  An  2&''. 


law,  July  atl 

0 

Tbfn».  +  ii4 

Il.O 

Mcai!,  +  ll-S 

No. 

Time. 

N'l. 

Time. 

Time  of  300 
yibratloru. 

0 
10 
20 

OA 

40 
50 
60 
70 
80 
00 
lOO 

7'   3S  ^5-0 
520 
19-5 
46-7 
18-8 
412 

e« 

»2 
89>5 
40  M-4 

300 
310 
320 
SSO 
340 
S50 
360 
370 
380 
390 
400 

7'  49  55-7 
50  22-8 
49-6 
16-3 
43-0 
10-G 
87-S 
4-0 
31-0 
57-7 
5*  SM 

13  SO-7 
30-8 
SO'l 

29.2 
29-4 
«»S 
flM 
S88 
28-2 
8M 

lUuof  Cfam 

IS 

=  609*50 
—  -OS 

Vibntlowt 

a:  80M8 

REDUCTION     nn  OBSERVATIONS  at  OBBENOCK. 
CnamsB,  No.  L  FInt  An  85*. 


Year  and 
MooUk 

Mean  Time 

oftbe 
ObKmtleaSi 

Ur.AVH. 

TbentMun. 

Time  of  800 
Vibntiooa. 

Reductinn 
to  +  13".3 

lleducUon 
to  Arc  20". 

BedtMMd 
Tfaoaof 

Reduced  Ttaeof30<» 
Vibntiont  reduced  to 

1829. 

809^79 

July  29. 

7      S  V.  M. 

+  12  9 

8]609 

+  0"12 

_  042 

828-19 

7    25  r.  M. 

+  12-1 

810-05 

_  u-  t2 

800-99 

828-39 

7   45  r.  M. 

+  112 

80&-48 

+  0-63 

—  0-42 

809^9 

828-09 
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OBSERVATIONS  AT 
TIm  OlMralMM  wm  and*  «bmt 


lai^JiiirM 

+  17-0 

No. 

Tine. 

No. 

Time  of  300 

0 
10 

so 

30 
40 
50 
60 
70 
80 
90 
100 

a.  M. 

4    9  15-0 
4S-5 

9-8 

S7-0 
4  5 

Sia 

59-0 
26-5 
53-5 
210 
48-3 

300 
310 

320 

:?:U1 
340 
350 
360 
370 
380 
300 
400 

H.    a.  iL 
4  92  51*5 
23  19^ 
46-8 

21  1:1-0 
40-5 

25  74 
33-8 

26  1-5 
290 
56-0 

S7  S3-8 

IS  86-5 
36*7 
96>4 

36-0 
360 
35-6 

34-  8 

35-  0 
35-5 
35-0 
34-9 

Mean 

Rate  of  Chronometer 

1:1  35-673 
=  815^73 
—  -023 

Time 

of  300  ^Tlirations 

=  815-65 

BRISBANE  (near  Largs.) 
40  Y«nb  Smith  «f  die  Olmmtory. 


Cyundeb,  Now  L  First  An  S5*. 


Ther.  +  lf-0 
+  17-4 

Mmui4  17-t 

Ko. 

No. 

Time. 

TiineofSOO 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

v.      M.  Ik 

4  SO  53-5 
Sl'O 
4»5 

16-2 
43-0 
110 

380 

5-0 
32-4 
59-5 
870 

300 
310 
'320 
330 
340 
350 
360 
370 
380 
390 
400 

a.    Ik  & 

45  Sf'S 

518 
4G  19-2 
40-0 

47  13-6 
40-8 

48  8-0 
350 

48  8-8 

IS  804 

36-8 
S6-0 

356 
86-2 
350 
35-C 
35-8 
35-6 
85-5 
SS-S 

Mean 
Rate  of  Chronometer 

IS  35-754 
s  615-754 
—  '024 

Time  of  3  iW  Vibrations  =  815-73 


REDUCTION  OF  thb  BRISBANE  OBSERVATIONS. 
Cvuiinn.  No.  I.  FinlAnSS". 


Ttowef 
aooTlba. 

loAiexdi'. 

BedueedftaBe 

R^durH  Ttmi  nf  3rM> 
Vilinilhir.ii  mliutii  tn 

Hawstkex's  StudanL 

1889. 

July  30. 

H.  H, 

4    18  r.  M. 
4    39  P.M. 

+  17-1 
+  17-8 

815"65 
815-73 

—  1-15 

—  1-18 

—  0^43 

—  0-43 

814  07 
814-12 

882-57 
832-62 

g2 
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Mr  Dnira<0F^8  Account  of  ObfervaHoM  made  m  SeoUmd 


OBSERVATIONS  AT  AYR. 


Tba  Obsanratioiw  w«r»  oudem  the  Otmo. 


CrnioBBH,  No.  L  FSntAieSO". 


CvuMitts,  K&  1.  Itnt  Am  90*. 


A.  M. 

Ther.  +  U  o 

+  I(iO 

-f  )«-o 

No. 

Time. 

No. 

Time. 

Time  of  300 
VibratloiM. 

0 
10 

so 
so 

40 

50 
60 
70 
80 
90 
100 

a.  M.  a. 

11  i%  1-2 
S8-2 
6M> 

53  220 
48o 

54  15  5 
42-5 

55  8-6 
35-8 

56  1-2 
&90 

300 
310 
920 

SSO 

.340 
.S.-jO 
360 

It.     at.  «. 

12   5  22-0 
48>5 

6  15-5 

4«'2 

7  8-8 

35-5 

is  20-8 

to-s 

20*5 
SO-S 

20-3 
200 

19-5 

1  

BaM 

MflD 

)  of  Chmb 

IS  20-23 
=s  800-23 
—  -02 

9.U,  . 

Ito.  1*60 
-1-  184 

Xo. 

Time. 

No. 

Time. 

Time  of  300 
Vtbnrtlon* 

10 

20 
30 
40 
50 
00 
70 
80 
90 
100 

12  il  lS-5 
40« 

7*2 
S4-5 

0-8 
27-8 
64K) 
21.6 
48-0 
14-4 
41*6 

300 
310 
3£0 
330 
340 

a,Hi 

360 

H.      U.  ft. 

12  24  84*7 

25  1-4 

28-2 
54-8 

26  i>I-5 
48-3 

27  15-0 

IS  214 
9M 

21-0 
20-3 

20-  7 
205 

21-  0 

cf  duwk 

IS  20-759 
a  800-759 

•  orsMViu  s  aooi?4 

REDUCTION  or  tub  OBSERVATIONS  at  AYR. 
CvuMDBB  No.  L    Fint  A*e  90*« 


Yair  and 

]f«Mk. 

TiroetfW 

to.fir-aL 

ReHticot  Timt.-  uf  900 
A'ilinilli'ns  ri-iiiK-ed  to 
Uaimtkem'*  SundaxiL 

1829. 
Avg^S. 

••  'f  »• 
12    0  aooH. 
0  19 

+  15-0  " 
+  17-25 

sooPsi 

800-74 

—  0-50 
-.M7 

799-71 
799-57 

817-88 
817-74 
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OBSERVATIONS  AT  SANQUHAR. 
The  OWrvatioiui  wore  made  iu  the  Rev.  Mr  Simpson's  Garden. 


CvLiNDKK,  No.  I.     First  Arc  20'. 


GhnaflOWter  gaining  .f  3-6. 


Ther.  +  12-3 
+  12  4 

Mean,  +  12  'M 


No. 


Tinie. 


0 

11.  N. 

7  86 

62 

10 

32-5 

20 

590 

3U 

37 

26-5 

40 

50 

S8  20-5 

60 

473 

70 

39 

14-3 

80 

41-2 

90 

40 

8-3 

IQO 

m 

No 


300 
310 
320 
330 
340 
330 
860 


Time. 


49  32  6 
59-.> 

50  2G-G 
53-2 

51  19-5 
46-8 

62  IS'7 


YltantlflM 


13 


27-4 
27'0 
27-6 
26-7 
20-5 
26-3 


13  2(5-8  43 
=  80G-843 

ReiedfClinii.    —  •020 


Time  «r  SOO  Vflie.  =  806423 


Cvi.iNDKR,  So.  I.    Fir&t  Arc  20^ 


19211,  August  Ti. 

\.  M. 

TbtT.  +  in 
+  12-4 

g  +  2'i. 

.1*1  con,  T    12  4 

Xo. 

Tfane. 

Xo. 

TiOMl 

▼IbMtlBD!. 

0 
10 
20 
30 
40 
50 
60 
70 

7  55  55-5 
bG  22-5 

49-8 
57  170 

58 

ss-o 

59  *'B 

32-0 
5H-8 

8  0  B»9 

300 
310 
320 
380 
340 
350 
S60 

It.  M. 

8    9  23-4 
50-2 

10  170 
43-6 

11  10-4 
87-7 

18 

M.  K. 

13  27!) 
277 
27-2 
2f.-6 
26-2 
86*7 
884 

80 
90 
100 

Men 
Rate  of  Cbnm. 

IS  26-957 

—  e06-i)o7 

—  -02 

TiMoraoOVilM.  s8l6'»S7 

Flat  Nbbdu.   Fbrt  Are  80*. 


Thcr.  +  iW 

A.  X. 

lliMB,+  lM 

No. 

Time. 

Time  of  300 

No. 

Time. 

Vibrationii. 

II.    M.  •■ 

II.  M. 

0 

8  19  57  8 

300 

8  37  13  0 

17  15-2 

10 

20  32-8 

310 

47-0 

14-2 

20 

21  7-2 

320 

38  21*8 

14-6 

SO 

4»0 

330 

B&6 

14^5 

40 

88  16-8 

340 

88  Sl'O 

14-8 

50 

51-0 

360 

40  6-8 

U-0 

60 

23  25-8 

360 

4&0 

U-S 

70 

24  0-2 

37(1 

41  13-6' 

13-4 

80 

350 

380 

48-3 

13-3 

00 

25  9^ 

390 

42  22-8 

13-8 

100 

4S-8 

400 

57-0 

1 3-2 

Me 

Kate  of  Chroitometpr 
Time  of  SOO  Vibriaions 


17  14054 
=  1034K)54 

—  034 
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Mr  DuKLOP^s  Aeeount  qf  Observatkm  mmk  m  Sesi&md 


REDUCTION  or  TiiK  SANQUHAR  OBSERVATIONS. 
CvLiKDIB,  No.  1.    Fint  Arc  20°. 


Year  and 

Meiu  Time  of  the 
OfaMrratkMU. 

Reavm. 
Thciiu* 

Time  of  300 
Vibntkna. 

HtiHutliiii  to 

+  U°-3  R. 

Reduced  Time 
ofSWTita. 

ReduetdltattfifMO 
YltaitlgMMteaidto 

1829. 
Aug.  5. 

R.  m. 

7  44>  A.lf. 

8  4  A.M. 

+  12-35 
+  184 

80S-82S 

4-  0  28 
+  0>87 

807-103 
607807 

825-44 

Flat  Nbsous.   Fint  Arc  S)Of. 

A«g.  A. 

8  81  A.lf. 

+  12-4 

lotSUtt 

+  034 

loalras 

LogRedaetiM0f1k»EIi»Zrfl«dl»tDCjliiid«rNo.L  k  —  0'1077168. 


OBSERVATIONS  AT  DUMi?lU£S. 

Tha  ObaorvstioiM  wm  nide  in  a  Oardm  on  Moont  Pbaniit 

CnnnxBV,  No  I.  Vint  Are  90°. 


CvuMima,  No.  I.  VfaitAieSO<*. 


ins^AivMi. 

_           . .  *. 

Cliniionet«r  griflit«  4- M 

4-I&3 

No. 

Tiine. 

No. 

Time. 

Time  of  300 
Vibrations. 

0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 

7  12  30*5 
56-5 

13  23-5 
49-8 

14  17-5 
44-0 

15  10-8 
48K> 

16  *0 
31-2 
67-7 

300 
310 

320 
330 
340 
S50 
360 

H.    m.  ». 

7  25  61-5 

26  180 
44-8 

27  11-3 
38-0 

88  4-7 
30« 

Ts  21-0 
21-5 
21-3 
21'5 
20-5 
80-7 
fiOO 

Mean 

Rate  of  Chron. 

IS  SKWS 
=  800-93 
—  .02 

Time  of  300  Vibs.  =  800-91 

ia>^  Jy^gu 

■tik 

TtCT.4>ll« 
M««i4-'lM« 

No. 

Time. 

No. 

Thnc. 

Time  of  300 

ViI)rntlolM. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

11.       V.  «. 

7  31  78 
34-8 
32  1-0 
28-4 
.5.r0 

53  21-8 
48-6 

54  Itf« 
4»8 

35  9-0 
SS2 

300 
310 
320 
930 
340 
350 
360 

7  44  29-0 

55-8 

45  22-4 
48-6 

46  15  5 
48-0 

47  8« 

M.  k 

13  21-2 
21-0 
21-4 
20-2 
20-5 
SO-8 
80*0 

M«m 

Rale  of  Chron. 

IS  80«48 

=  800-643 
—  -0'20 

Tune  ofSOOVibs. 

=  800-623 
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OBSERVATIONS  AT  DLMFRIES,— ««mriRued 


CvuMOKB,  No.  L   First  Arc  80°. 


16S0,  August  8.    V.  M. 

Ohroncaneter  gaining  4-  i'i- 

Tfaer.  +  13-0 
Mean  +  1?7S 

Vo. 

No. 

Tim*. 

Time  of  300 
Vibretiona. 

0 
10 

so 
so 

40 

50 
60 

70 
80 
90 
100 

7  60  4rr7 
51  120 
39-8 
ii  6-8 

m 

53  26-8 
6S'2 

51  19-8 
46-8 

85  IM 

300 
310 
320 
330 
340 
350 
360 

n,  a. 

8    4  6-8 
33-8 

5  0-4 
96-8 

m 

6  W-fi 
474 

M.  «. 

13  211 
21  8 

AM 
AM 
AM 

AII4 

Ball 

13  20-83 
=  800-83 
—  -OS 

Tm»a90»Vlh.  SB  80M1 

BBDUCTIOM  OF  tus  DUMFRIES  OBSERVATIONS. 
CnacDEB,  No.  I.  Sink  Are  AO*. 


Vtvaad 

linn  Tin*  of  Uw 

Tinwof  gM 
Titettiank 

Eaductloa 

B«diiced  Tim* 

Keduoed  Time  of  300 
VnmliaaatiediwMtto 

ism 

AvgSi. 

a.  M. 
7  80  p.  M. 
9  89  p.m. 
7  60  p.  lb 

+  13*4 
+  ISIS 
+  1»T5 

80dP91 
800<68 
800«1 

—  <M)S 
4-  0<0S 

+  ai6  . 

805<88 
800«7 
80U97 

81$^ 

8ie«7 

819-17 
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Mr  DoMJLOF^s  Aeeount  ^  Obtetva^oM  made  «n  SeaUand 


OBSERVATIONS  AT  ANNAN. 
Hie  OlMervitiom  wote  nade  in  the  Rev.  Mr  Dobib'b  Gaxdeo* 


Cymmbbb.  No.  L   Fint  Are  W. 


Plat  Nbbdlb.  Fint  Are  90°. 


1«2S,  August  6. 

r.  M. 

TImt.  +  slb-3 

llt«9,  AugutI  6. 

r.  M. 

Chranometer  gaining  + 

Mmd  si-a 

Chrooometer  gaining  4  i-A 

Meaa  4-  SI'S 

Ko. 

Time. 

No. 

Time. 

VmtntSM 

No. 

No. 

0 

M.      H.  >. 

0    0  48-4 

300 

0  14  14-0 

13  25-r. 

0 

0  22  27-5 

300 

n.    M,  & 

0  39  40-5 

17  13-0 

10 

1  160 

310 

4  JO 

10 

'2-1) 

.^10 

40  14-7 

12-7 

so 

426 

3fO 

15  8-0 

i;3  + 

■20 

36  7 

320 

49-0 

12-3 

30 

2  9-8 

330 

35-0 

.SO 

24  10-H 

.S30 

41  230 

12-2 

40 

86-8 

940 

16  1-2 

2V4 

40 

.i5-0 

:uo 

57-3 

12-3 

50 

3  3-2 

350 

28-0 

24-8 

50 

25  20- 0 

350 

42  31-4 

114 

60 
70 
80 
90 

100 

SIK) 
57-0 

4  24-8 
510 

5  lS-0 

S60 

%M 

60 
70 
80 
90 
100 

64-0 
88  89K> 

87  2'8 
877 

88  188 

360 
370 
380 
390 
400 

6-7 
89-8 

44  14-0 
48H» 

45  8M 

1I'7 
10« 
11-8 

to-s 

Mmb 

lUteofClm.  . 

19   24  485 
s  804-485 

—  02 

Tim 

•  oTSOOWm.  SB  804-465 

M«ui 

17  11-627 
s  1031-627 

Rate  of 

CIlMO. 

—  -087 

Tk 

■e«( 

800Viht. 

=  10814 

REDUCTION  or  the  ANMAN  OBSBRVATIONa 


CrumiBR  No,  I.  Fint  An  SO*. 


Year  and 

1 

Mean  Time  of 
thtOterratioM. 

Reaum. 

Tbernunn. 

TimvofSOO 

Beduction 

B«diiced  TioM 
ofMeTlta. 

VUmtiau  ndueed  tu 

Vtaivrml^  HmdanL 

1829. 

AMf.  6. 

0   9   p.  u. 

-)-8!-8 

804-465 

—  2-355 

802-11 

8«0SS 

Flat  Kama. 

Tint  AfcSO*. 

Aug.  8. 

0  84  F.M. 

+  81*8 

lOSl-6 

—  8«9 



l€S8^t 

Log.  Reduction  of  Flat  Needle  ^  Cylinder,  No.  I.  =  —0-1080591. 
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OBSERVATIONS  AT  CARU8LE. 

The  Olwervaiioub  were  made  on  th«  Common  Green,  East  of  the  Bridge. 


CvustmBt  No.  L    First  Arc  20*. 


Tlur.  + 144 
+  IM 

Um  +  Tw 

No. 

No. 

Time. 

Time  of  300 
yifantlm 

0 
10 
80 

SO 
40 

50 
60 
70 
80 
90 
100 

6  19  7-5 
348 
80  1-2 
88*3 

8(H) 

21  21-8 
48'2 

22  15-3 
41-6 

23  8-6 

300 
310 
320 
330 

340 
350 
360 

6  S»  fi»S 
544 

S8  9il<6 
48-0 

34  14-8 

41-5 
3a  8-0 

Ts  20M 
20-0 
204 
1»7 
I9B 
19-7 
19-8 

Mean 
B»tB  of  Ckran. 

IS  20K)28 
s  800-028 
—  -020 

Tim 

»«rS«0  Vita,  s  800406 

CruMOKB,  tio.  1.   Fint  Arc  20% 


IfM^  Align 

KM. 

No. 

Time. 

No. 

Time 

Time  ot  300 

0 

10 
20 
SO 
40 

50 
60 
70 

80 
90 
100 

6  39  0-6 
27-8 
54-5 

40  21-3 
48-0 

41  14-8 
41-7 

42  8-2 
35-2 

43  1-8 
290 

300 
310 
320 
330 
340 
850 
"360 

6  52  21-3 
47-8 

53  14-5 
♦  1-2 

54  7-7 
34-5 

55  0-8 

IS  20-7 
»0 
»0 
19-9 
19-7 
19-7 
19-1 

Mean 
Rate  of  Chros. 

13  19-870 
s  799-87 
—  'OS 

- 

XiM«rS00VilM.  s  79MS 

Flat  Nkedi.e.    First  Arc  '2(y. 


1039,  August  (!.    I'.  >i. 


No. 

Tbnv. 

No. 

Time. 

TiiMairaM 

K.  a.  c 

N.   a.  •. 

0 

6  59  17-0 

300 

7  16  23-0 

17  6-0 

10 

50  S 

■3]0 

5(i-C 

5-8 

20 

2GU 

320 

17  31-2 

5-2 

.30 

0-0 

330 

18  5-0 

5-0 

40 

350 

340 

39-8 

4-b 

50 

h-s 

3.50 

19  13-0 

4-2 

60 

42-8 

360 

47-5 

4-7 

70 

17-0 

370 

SO  21-5 

4-5 

SO 

51-2 

380 

56-0 

4« 

90 

26-3 

390 

21  SO-8 

4>5 

100 

59-7 

400 

224  -0 

Thcr.  4  IS-4 
+  1.1-2 

Mean  +  ia4 


Men      17  4^89 
=  1024-89 

Rate  of  Cbronoineter        —  -03 


Time  of  SOO  Fibratkot    =  1024-86 
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58  Mr  DimLOP*8  Aeeomi  if  ObmvaHiom  made  i»  Seo&ond 

REDUCTION  or  the  CARLISLB  OBSERVATIONS. 


Cin4iniKi^  No.  I  Fbit  An  SO*. 


YMrmd 
UfmOt. 

MMnTimeof 
thi  OlMerTKUans. 

JUdoction 

BedncedHatt 

Reduced  Time  of  300 
VilmtiMundHeedlo 
HAHaTiXMlt  ■taudnd 

I82!l. 

Aug.  4. 

a.  m. 

6   S7  fk  M. 
6  47  F.  u. 

+  14-0 
+  13-6 

799«50 

799-84 
7t9'74 

B17'97 
8I7-9S 

7      1'?    C.  M. 

1  

4-  13-3 

1024  8fi 

0-00 

1024  85 

liOgBedMtiaiiaf  t]i*Fla»NMdl«toO7Uiid0rNo.I.  s  —  0*107694S. 


OBSERVATIONS  Al  HOLY  iJsLAND. 


Hi*  ObaenritiMia  irara  iMd*  witliia  tb*  Baim  of  the  Old  Abbajr. 
GiruMDn»  No.  L  Vfnt  Am.  W,  CmamtMt  No.  I.  Flm  An  MP. 


IBMhSeptani 

berl.  j.ib 
Ding +  4441%. 

Tktr.  +  22-2 

+  24-2 
Mtei<f  QS-'i 

btrl.  «.»■ 

Ther.  +  ii-i 
MMUi-f1t4«S 

Time. 

No. 

Time. 

Time  ot  MO 
Vlbntiain. 

No. 

Tinu'. 

No. 

Time. 

Time  of  3tMI 
Vibntioiw. 

0 
10 
80 
SO 
40 
50 
60 
70 
80 
90 
100 

H.      M.  Ik 

11  87  20-8 
47-5 

88  14-8 
413 

S9  8-5 

55-  8 

30  2-0 
8»« 

56-  0 

31  23-5 
50-8 

300 
310 
320 
330 
340 
350 
360 

11  40  48  0 
41  15-0 
420 
48  8  ft 

4S  8-8 

M.  •. 

13  27-e 
27-5 
27-2 
97«8 

m 

0 
10 
20 
SO 
40 
50 
60 
70 
80 
90 
100 

11  45  35-0 

46  20 
29-3 
54-5 

47  S8'8 
50-6 

48  17  5 
448 

49  11-6 
3S-3 

50  6K) 

300 
310 
320 
330 
340 
350 
360 

11  59    3  0 

30-0 
56-8 

12  0  m 

1  17-8 
44-5 

IS  280 
28-0 
27-5 
87*1 
Sfr9 
S7-9 

Mean 

Rate  of  Cfcroa, 

13  27414 
m  807-414 
—  -035 

Mean 
iiaU)  of  Chron. 

IS  27-386 
s  807-S86 
_  -035 

TiiM  of  300  Vibs.  =  807.38 

Time  of  300  Vib» 
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Year  and 
Month. 

Mean  Time  of  the 
Ohseirations. 

Keai:m. 
Xbenuom. 

TlmeofSOO 
Vibrationa. 

Reduction 
to  +  Id'-S. 

Reduced  Timi- 
uf  300  VilM. 

Reduced  Time  of  300 
YihratioTui  reduced  to 
BAmnrat  StndanL 

1829. 
Sept.  1. 

B.  m. 

11  S5  A.  M. 

II  5+  A.  M. 

+  23-2 
-f  94-35 

807-38 
807-35 

» 

—  2^7 

—  3-14 

804-41 

804-21 

822-69 

OBSERVATIONS  AT  BBRWICK-UFON-TWEED. 


Tbe  ObtervBtkm 
CniNiNBaf  No.  L  Fit*  An  8V. 


IM^Septaa 

her  1.  A.  K. 

Tben-f  ll-O 
4- ISO 

MtM-flTii) 
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Na. 
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Time  of  300 
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.3! 
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25  44 
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300 
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330 
3+0 
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7  3.5  l-W-6 
3G  lj-0 
42-0 
37  H-6 
35-8 
SS  2-0 

13    2*  fi 
24-ii 
24-2 

23-  8 

24-  5 
Si-O 
M« 

Ratp 

M«HI 

of  Chron. 

19 

=  804-27 
~  •0S.5 

Time  of  3U0  Vtba.   =  b04'236 

on  tha  M^dateiM  FidUb. 

CnimaBi  Nob  L  FInt  Am  SO"". 


No. 


'I'uiu'. 


0 

U.  Jll. 

7  41 

1 9-0 
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70 
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00 
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Time, 


54 

55 
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370 
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310 
57-8 

57 


56 


•t-l»7 


Time  of  300 

VlhratifiiK 


13 


24-i 
24-5 
24-2 
24-5 
24-4 


Rat«  of  Chron. 


IS  «#«14 

-  804-314 

—  -03.5 


Time  of  aOO  Vib«.    =  804*28 
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OBSERVATIONS  AT  BBRWlCKrUPON-TWEEp,— wwlftrwerf 

Flat  Nbbdls.    Firet  Arc  SO*. 


18W,  Seplemher  9.  a. 

TlMr.>f  1I7 
+  US 

Cbronotnet«r  gaining  • 

Man -f  14-0 

Una 

Na 
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10 

20 
SO 
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44^0 
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IS5 
IM 
t9-S 

12-8 
12-8 
l.VO 
12  8 
12-8 
12-7 
IS-S 

Mm 

17  1309 
s  1033-09 
—  •05 

Time  of  800  V  ibratioaa 

=  103304 

BBDUCTION  09  BBBVIC&UPON.TWEBD  01MERVAT10NS. 
CrXiiM»i,  No.  I.  Pint  Ave  90^ 


Year  and 
Month. 

Mean  Tiineoftbc 
ObterratWoa. 

Kr  Au  ji. 
Therm. 

Time  rii'  3no 
TibnUoiui 

to  +  13°-S. 

Reduced  Time 

ofaoa  Vitw. 

lUdiOcad  Tfana  of  SOO 
VOmUau  ndnetd  to 
Hutmirt  tendaid. 

1829. 
S^it.  8. 

H.  M. 

7    so  A.  M. 
7  49  A.  u. 

•f  13-0 
4.  18>S6 

804-235 
00M8D 

+  CH)85 

— (hoa 

804-32 
MMW 

8^ 
8S»«S 

Fiat  NshhiS.  Fiist  Are  90°. 

8«pt.2. 

a.  at. 

8     17  A.M. 

+  140 

1033  04 

—  <>27 

1032-77 

Log  Kodnctioa  of  the  Fkt  Koedle  to  CjUnder,  No.  L    =    —  0-1085912. 
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OBBERVATIONS  ON  THE  TOP  OP  THB  CHEVIOT  HILLS. 


The  Oiwervatioas  were  made  at  the  foot  of  the  Flag-staif. 


f'vt  'VIiT 


f.    First  Art-  20\ 
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-.1  1... 
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IS  SS-5 

23-9 
23 -'2 
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22-7 
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=  SOS'OET 

_  »0&7 

Tmn 

BofSOOVibk.  =  WS^ 

CVLINUKII 

,  No. 

I.    Fin.1  A 

rc  2l)  . 

ICia,  Sqitcniljcr  la    r.  M. 

Tber.  4- 

+  fl-n 

ChMIMIiigter  filling  +  3-4  •billy. 

Mean  +  fi-H 
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Time. 
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20 
30 
40 
50 
GO 
70 
80 
90 
100 

8  54  58'5 
55  '.'5-0 

52-4 
5G  I9-fi 
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300 
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If,  «-  ^ 
9    8  22-2 
48-8 
9  15-7 
4-2-2 
10  9-3 
35-7 

a  8-s 

lb  ^ 

IS  as-T 

23-8 
23-3 
22-6 
22-8 
22-7 
22-5 

RatflorChraa.  ' 

IS  aso57 

a  809«57 

—  -027 

1  

HmeTSOO  VilM.  s  SOS  03 

REDUCTION  OP  the  CHEVIOT  HILL  OBSERVATIONS. 


CnQmii^  Me^  I.  VSnk  An  MP. 


Yi-ar  uml 
Moutli. 

Mean  Time  of  the 
Obaenrationa. 

Ebavm. 

"Tliuiiioflk 

Him  of  300 
ynmtlnuk 

Roductkm  to 
13*.S. 

RaduMdTlme 

Reduced  Tlnii'  of  :h/m) 
Vlbnitiona  r«liirpii  in 
UAKSTKSir'a  SUodaid. 

8  44  A.  H. 

9  9a.il 

+  6^1 
•f  6  9 

sos-'oo 

80SO8 

// 

+  2>14 
4.  M6 

805-U 

823-43 
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By  compsn'npf  tho  Observations  made  at  Makoratoun,  from  Janunry  1B29  tu  January 
ISSn,  it  appears  that  the  ranpfnvtic  inteuftUy  of  Cyliuder,  No.  L  bm  remaiued  etatiouary ; 
whereas  tliat  of  the  Uat  Needle  iiaii  been  decreauug,  wkicL  will  be  fteeo  by  eomparing  the 
log.  f^uetim  d'tlifl  OliMfffilMM  in^  m  Oiriitiu  Im  ISn 

and  18S0 :  Miid»  tliat  iti  nttgDelim  liM  not  yak  bMOOM  itetknaiy  will  abo  tqipcar  Ij  oook- 
pMcing  tiie  Idg.  lediiodion  of  tli«  OlxMratiooi  mada  at  tha  diCaMBt  itatkma  to  KOi  I.  For 
nriiich  rcawn,  I  ]»▼•  Mt  eoaaoctad  tlie  Obiomtioin  bjr  dia  Flat  Neadlo  witli  ihoae  of  Cy- 
lindart  No»  L 

Tlia  following  Tabb  wUl  iboir  Iha  log.  lodwte  of  Iha  Flat  Noedb  to  Cjliatkr,  No.  1. 
at  tha  difiiarat  itatioaa  iriMio  OlMorvatfona  bim  Imob  made  ^ 


IX>a.  RUILCTION'  OF  TUK  FLAT  KKEOLE  TO  CYUKOKa,  NO.  I. 

r  D«eemb«r  and  JjHMUHry 

(January  nnd  February  1630,  . 

—  0K)881.'541 

—  0H)984693 

—  0K)954164 

—  0-10-20146 

—  0-1032437 

—  0-106281'J 

—  0-1 0544  W 

—  o-ioc)i;(Mo 

—  0-1066942 

—  o-ioaieis 

~  0-1065&78 
_  0-1067781 

—  0-1066836 

—  0-1 077]  5-2 

—  0-108(1591 

—  (Hl(l7ti<.)4-> 

—  0-1085912 
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Notice  cmi<-prnin£r  ni)  Autograph  Manmcript  by  Sir  Isaac  New- 
To\.  contaming  .some  Notes  ttpon  the  TJiird  Book  qf  Ute  Frin- 
cipia,  and  found  among  the  Papers  of  JJr  David  Gregory, 
formerly  Snvilinn  Profefssor  (f  Astronomy  in  the  University  of 
Oxford.  By  Jamks  Craui  i  kd  Gukciohy,  M.D,.  F.R.S.E., 
FeUow  of  the  Royal  College  of  Physicians  oi.  Edinburgh. 

An  opinion  has  been  cntcrtainwl  by  some  of  the  modern  French 
philosophers,  and,  anioiijj;  oilier?>,  by  the  late  celebrated  Marqius 
de  La  Place,  that  it  was  only  wlien  far  advanced  in  years  that 
Sir  Isaac  Nhwtom  turned  his  attention  to  tlie  study  of  Theology ; 
and  it  has  been  lately  assumed  by  M.  Biot,  in  an  account  of 
Newtqv  and  liifl  duoofvede^  contained  in  the  **  Biographie  Uni- 
T«nseU^**  as  a  &ct  itiiuih  can  scarcely  be  doubted,  that,  at  one 
period  his  life^  he  was  actnaUy  in  a  state  isS  mental  deiange- 
nientk 

The  only  evidence  adduced  in  support  of  this  remarkable  as- 
sertion is  the  IbUowing  note,  said  to  have  been  written  by  HuY- 
OBNSb  and  communicated  to  M.  Biot  by  M.  Van  Swinden: 

"  DieQ9  Mali  1^04. — Narravit  mibi  D.  Colin,  Scotus,  vinim  ce- 
leberrimum  ac  rarum  geomctram  Isaaci  m  Newtoklm  incidisse 
in  phrcnitin  abhinc  anno  et  sex  mensibus.  An  ex  niniia  studii 
assiduitate,  an  dolore  inloi  tuiiii,  quod  in  iucendio,  laboratorium 

chemicum  et  scripta  c^uadaiu  uuiiserat  ?    Ciim  ad  Archiepisco- 

?  ... 
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pom  Ckntabri^eiiiem  Tenuset;  ea  locutum  quie  aUeniitioiMini 
mentis  indiisaieiit ;  ddnde  ab  amidi  cms  ^us  suao^ta,  domoqiie 
dansa,  lemedia  valeiiti  iioleiiti  adhibha,  qiubiis  aanitatem 
xecupeiavit,  et  jam  nunc  librum  siuim  Principiorum  iatelligieie 
incipiat."  Upon  this  note  the  following  observations  are  made 
by  M.  BioT  : — "  II  parait  d'apres  ces  details  que  Ton  ne  aauiait 
guere  douter  du  fait  mcmc,  c'^t  a  dire,  que  cette  t^te  qui  pen- 
dant tnnt  d'annrcs  s'etait  appliquec  coiitinument  a  des  contem- 
plations si  profondes  quellcs  etaieiit  comme  la  dcrniere  limite 
de  la  raison  humaine,  seniit  enfin  trmibk'c  ellr-nicme  par 
I'cxces  de  ses  efforts,  ou  par  lu  douicur  d  en  voir  les  resultats 
aneantis." 

The  miafortune  here  aUiided  to  by  HnYOEm  and  M.  Biot,  is 
the  well  known  anecdote  of  the  loes  cauaedby  lua  dog  Diamond ; 
and  it  ia  to  this  drcumstanoe  ptmdpally  diat  M.  Bior  aaecibea 
the  mental  derangement  under  wlndi  he  suppoaea  Nkwtok  to 
haye  laboured.  He  adds,  Mais  oe  feit,  d'un  ddrangement 
d'esprit,  quelle  qu'en  puisse  6tre  la  cause,  expliquerait  pourqud, 
d^uis  la  publication  du  livre  des  Principes  en  1687«  Newton 
agd  senliment  alors  de  45  ans,  n'a  plus  donne  de  travail  nonvrau 
8ur  aucune  partie des  sciences,  ot  s'est  contente  defaire  connaitre 
ceux  qu'il  avait  compo^  long-tenips  avant  cette  epoquc,  en  sc 
bornant  a  les  completer  dans  les  parties  qui  pouvaient  avoir 
besoin  de  developpemens."  M.  Biot  supposes,  that  after  this 
pefiod  of  N£WTON*a  life»  he  almost  oeaaed  to  think  on  acientific 
aulgects^  and  that  xdigloua  leading  formed  hia  moat  habitual 
occupation ;  and  he  atatea^  that  after  the  <*  &tal  epoch,**  aa  he 
texma  it»  of  1698,  only  Uiree  really  new  scientific  productkma 
appealed  from  his  hand,  one  of  which  had  been  probably  pre^ 
pe^  for  a  long  tame  previoualy,  and  the  othos  had  coat  him 
Tcrj'  little  time. 

It  is  not  the  object  of  the  present  notice  to  disprove  the  ;vs- 
sertiou  that  Sir  Isaac  Newtok  was  at  one  period  of  his  life  in  a 

\OL.  XII.  PAAT  I.  I 
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state  of  mental  derangement;  Init  to  ahew  on  what  idender 
gnmnds  tiiis  aOec^tiim  veats^  it  may  be  mentioned,  tiiat  M.  Bior 
aeems  to  find  an  aigumentin  tta  &roiir  in  the  m«gnanimi<y  with 
which  Newton  base  the  irreparable  loss  of  ihe  labour  of  many 
years !  And,  as  a  proof  that  his  mental  powers  weafe  not  impair- 
ed, either  by  this  accident,  or  by  the  advance  of  years,  it  may  be 
sufficient  to  allude  to  the  fact,  admitted  by  M.  Biot  himself, 
that,  in  the  year  1716,  and  at  the  age  of  74,  Newto??,  on  re- 
turning from  his  duties  at  tlie  Mint,  and  when  much  fatigued 
with  the  business  of  the  day,  solvai,  before  he  retired  to  rest, 
the  celebrated  problem  of  Orthogonal  Trajectories,  proposed  by 
Leibnitk  with  a  liew  to  pcove  the  superiority  of  his  calculus 
over  NEvrroH's  method  of  fluziona^  and,  as  lie  expresses  him- 
sdbS  "  ut  pubum  Anglorum  Analyatarum  nonnihil  tentemus*." 

As  Sir  Isaac  Newton's  Observations  on  the  Prophecies  and 
the  Apocalypse  were  not  published  during  his  lifetime,  and  as 
the  celebrated  general  Scholium  at  the  end  of  the  Principia  only 
appeared  in  the  second  edition  of  that  work,  puhhshed  in  1713, 
when  the  author  was  in  his  71st  year,  tlie  supposition  entertained 
by  La  Place,  that  Newtox  only  tnrne<l  his  .(ttcution  to  the 
subject  of  theology  in  his  very  advanced  years,  is  soniewhat  laore 
natural  and  plausible  in  the  absence  of  any  direct  evidence  to  the 
contrary.  So  impressed  was  he  with  this  idea,  that  M.  Gautier, 
Professor  of  Astronomy  in  Geneva,  menti«med,  when  in  tins  obun- 
tiy  a  ^years  agp^  Uiat  hehad  been  conmusaiflned  fay  LaFlacb 
to  maike  inquiries  on  this  subjeet  Any  opinion  entertained  by 
this  great  man,  by  whose  genius  and  labours  the  Newttmian 
Philosophy  may  be  said  to  have  been  completed  in  all  its  details^ 
is  entitled  to  due  respect  and  attention  from  all,  and,  in  the 
minds  of  many,  must  cany  with  it  considerafaJe  weig^  A  do- 


*  Lkibmitii  et  B£bmovi.].u  Camniercium  EpistoUcuni,  t<»n.  iL  Episu  ccxxvi. 
p.  365. 
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cument  in  my  possession,  however,  appears  to  me  to  furnish 
clear  evidence  that  Newton  liad  lormed  the  theological  opi- 
nions expressed  in  the  Scholiimi  already  mentioned,  at  least 
iilleeu  years  before  the  publication  of  the  edition  oi'  the  Priuci- 
pia,  in  whidi  it  fint  ttpjpeaxed. ;  and  it  has  oocurred  to  me,  that  a 
duvt  statement  c^diis  evidence^  in  opposition  to  the  opinicm  en- 
tertained by  1<A  "BiMXf  oi%ht  not  beunaooeptable  to  the  Rogral 
Society* 

Sevefal  years  ago,  in  looking  over  some  manuscript  niathcma* 
tical  ()apers  whidi  belonged  to  David  Gregory,  Savilian  Fk>> 
fessor  of  Astronomy  in  the  I'niversity  of  Oxford,  the  contempo- 
rary and  intimate  friend  oi'  Ni  wtun,  i  found  (along  with  several 
other  autograph  fragments  on  mathematical  subjects),  one  ma- 
nuiicriijt,  consisting  of  twelve  folio  pages,  in  the  handwnUng  of 
Nkwxon,  and  containing,  in  the  form  of  additions  and  .scholia 
to  some  propositions  in  Uie  Third  Bode  of  die  Prindpia,  an  ac- 
count of  the  opinions  cf  the  ancient  philosophers  on  gFavitataon 
and  motion,  and  on  natund  theology,  with  varioas  quotatims  from 
their  works. 

It  i^ipeats  from  this  manuscript,  that  Newtov  was  not  only 

wdl  acquainted  with  the  opinions  and  reasonings  of  the  ancients 
upon  these  subjects,  but  that  he  ha^  done  ample  justice  to 
their  sagacity.  This  is  a  point  which  it  is  of  some  importance 
to  have  ascertained,  as  it  has  been  asserted,  prirticularly  by  M. 
Dt  TETs's,  in  his  "  Recherches  sur  TOrigine  des  Deeonvertcs  at- 
tnbuees  aux  Modernes,"  puhhshed  in  1766,  that  the  nuxlt  rn  phi- 
losophers supposed  the  principle  of  universal  gravitation  to  have 
been  quite  unknown  to  the  ancients,  and  had  therefore  claimed 
the  merit  of  the  first  discoreiy     The  authorities  and  quotations 


*  Hit  dipwwhw  m,  **  CTlNt  id  oa  les  modcmai  ftrttent  dVroir  tin  mnmlU 
Age,  marqud,  s*imaginant  avoir  les  premiers  dJcouvert  le  priiicijK'  de  la  graxitatioil 
imtveneUe^  qu^iU  regardeot  ccunme  une  vmt&  qui  avoit  iu-  iiuotmue  mix  4^^Tf^^^ 

I  2 
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adduced  by  M.  Dutexs  to  prove  that  the  general  princij^es  of 
motion  and  cavitation  were  known  to  the  ancients,  are  precisely 
the  same  as  tho^  contained  in  Nkm* ton's  manuscript,  a  consi- 
derable pftrt  €£  wbidh,  I  find,  bad  been  long  before  published, 
neady  rerbaitiin,  in  tbe  pre&oeto  the  "  Astroaomue  Pbyskie  et 
Geometries  Elementa**  of  David  Greoori  *.  The  passage 
from  LircRSnus,  Inou^t  forward  by  M .  Ddtkna  as  a  proof 
that  the  resistanoe  <tf  the  medium  through  wbadb  thejrpaa^  was 
known  to  the  ancients  to  be  the  cause  of  the  difference  in  the  Te- 
locity i^ith  which  bodies  fall,  is  quoted  at  full  la^j^  by  NeVptok 
after  the  following  remarks : — "  Et  quamvis  res  leviores  quas 
aeris  vel  aqua:  resistentiam  (lifficilius  vincunt  in  his  fluidis  de- 
scendant tardius,  tamen  in  spatio  vacuo  ubi  nulla  est  rests  ten  tia, 
atomos  onines  tani  graviores  quam  minus  graves  propter  gravi- 
tatem  sibi  pro|M>rtionalera  a^juaU  celeritatc  desceudere,  sic  docet 
Ldcretids    '  And  the  two  remarkable  linest 

**  Oouua  quapropter  ddbott  pQT  inane  quictutn, 
Mifa6  ponderibua  noa  «quia  ooDctta  fiern*^ 

are  written  in  large  characters,  witli  a  view,  evidently,  to  shew  the 
importance  which  he  attached  to  them. 

Tliis  account  ot  ilie  opinions  of  the  ancients  occupies  the 
greater  part  of  tlie  manuscript;  but  attached  to  it  there  are  three 
very  cuikus  paragraphs.  -  TW  of  these  appear  to  bATebeen  the 


I)  est  ccpendant  ais^  dc  faire  voir  quHU  n^ont  fail  que  suivre  les  traces  ties  cea  an-< 
(km  plii9ow|iliH,  «n  purtant  du  nCme  friaoips^  ct  gidcUa  pir  let  iiilnetraiKnne* 
mens p.  145. 

•  It  is  worthy  of  remark,  that  M.  Delambbe,  in  his  "  Histoire  de  TAstrono- 
mie  au  Dixluiiticme  Siede,""  objecU  to  these  statements  of  Datiq  G>Jt<eosv„  m  alir 
tributing  liUii  c  precise  ideas  on  th*  aubject  of  gravitattan  to  die  andaita  tbm  they 
poMnnii»  not  being  aware  that  in  so  doing  he  wMoppodng  not  only  the  opbtion  of 
DAm  Gmoobt,  but  tbat  of  Nswton  bimadf. 
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fiiflt  dfsiigjht  of  the  gmeaal  Sdioliiini  at  tbe  end  of  the  editaon 

of  the  Principia,  published  in  1713,  and  express  the  same  theo- 
logical opinion.  It  is  reinarka])le,  however,  that  it  is  only  in  the 
third  edition,  published  in  1 7Si6,  (the  year  before  that  in  which 
Nkwton  died),  that  the  substance  of  the  second  of  these  para- 
graphb  i^  tbuiid. 

The  first  paragraph  expres-ses  nearly  the  sa  no  ideas  as  some 
sentences  in  the  Srholiiim,  commencing — "  lA  us  suminus  est  ens, 
aetemum,  infiniiiun,  absulute  perfectum :"  The  first  part  of  it  is 
as  fbUoivs^  and  the  expressions  appear  to  me  sdU  more  striking 
and  sublime  than  those  jn.tlie  SchoUiim  itsdf Deum  esse 
ens.snmme  perfectum  coneedunt  Omnes.  £ntia  antem  summe 
per&eti  Idea  est  ut  sit  substantia  unai  dmplez,  indivisihUis^ 
viva  et  vivifica,  obique  semper  neoessarid  enstens^  summe  in- 
telligens  omnia,  Ubere  volens  bona»  voLuntate  effidens  possibilia» 
efiectibua  nobilioribua  similitudinem  propriam  quaaftom  fieri  po^ 
test  communicans,  omnia  in  se  continens  tanquam  eorum  prin- 
cipium  et  loc^is,  omnia  per  praesentiam  substantialom  cernens 
et  regens  (sii  ut  bominis  pars  rogitans  scntit  sjiecies  rerum  in 
cerebrum  delatas,  et  illinc  regit  corpus  projirium,)  ct  cum  re- 
bus omnibus  secundum  leges  accuratas  ut  naturae  totius  fiinda- 
mentum  et  causa,  oonstanter  oooperans^  nisi  ubi  aliter  agere  bo. 
num  est*.*' 

The  second  paragraph  expresses  precisely  the  same  idea  as  the 
sentences  of  the  Sdiolium,  in  the  edition  of  1796,  bc^gpumin^ 
**  A  eiBoa  necessitate  metaphysical  qufe  utkjue  eadem  est  sempor 
et  ubiqii^  nuUa  oritur  icnun  variatio ;**  and  is  as  fifDows^ 


*  The  icmabider  nf  diis  jMnragmpb  ia  u  ibDowt;  »  Nan  SleniiDe  agit  quie 
optiui*  ct  tatione  nuudnw  cooscntanea  Mmt,  ct  crroire  tcI  liito  ciBeo  addud  iMO  p(>> 

test  ut  alitr  r  nf^at  Hacc  est  idea  EntlR  summe  ptrfccti,  et  concoplLis  durior  Deita- 
ton  miniine  perfioiet,  aed  •uspectam  poiius  reddet,  aut  forsan  exdudct  c  rerun) 
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"  Qnioqttid  neceaflaiid  enstit  ilhid  Boiiper  et  ubiqoe  esiitit,  cbm 
eadem  ait  neoeBntalas  lex  In  locis  et  temporibu3  universis.  Et 
hinc  omnk  lerum  dimsitaa^  quae  in  locis  et  temporibus  divenia 
reperitur;  ex  necessitate  cscca,  non  fnit,  sed  a  voluntate  entis  ne- 
oessario  existentis  originem  dnxit  Solum  enim  ens  intellii^ns 
vi  voluntatis  sua?,  secundum  intellectuales  reram  ideas,  propter 
cau6<is  finales,  agondo.  varietatem  rerum  introducere  potuit. 
Varietas  autem  in  cor|K)ribus  maxime  reperitur,  et  corpora  quae 
in  sensus  incurrunt  sunt  Stellae  fixae^  Planet£e^  Cometae,  Terra,  et 
eorom  partes.** 

The  third  paragreph  rdatea  to  the  same  auljeet  aa  the  bat 
paragraph  of  the  Sdiolimn,  in  which,  as  in  his  C^tio^  it  is  wdl 
known  that  Nbwton  ftrvouis  the  hypotibesb  of  a  aubtik  and 
umveiaalfy  pervading  iEther.  But  it  is  singular  that  It  ex- 
presses apon  this  subject  an  opinion  different  ftom,  and  per- 
haps some  may  think  sounder  than,  that  which  was  afterwards 
published.  This  paragmph  lM><_nn^  m  ff>1]nws : — "  Ccclos  et  spatium 
universum  aliqui  materia  fluida  subtUissima  implent,  sed  cujus 
existentia  nec  sensibus  patet  nec  uUis  argumontis  eonvincitur, 
sed  hyiJOtheseos  ahcujus  gratia  praK!ario  nssuniitur.  yuininio 
si  et  rationi  fidendum  sit  et  sensibus,  materia  ilia  e  rerum  na- 
tiini  ezuhbit  and  then  proceeds  to  give  reaaona  ftr  iStam  opi- 
nion, of  the  Talidity  of  which  I  do  not  pretend  to  judge*. 


*  The  rest  of  this  paragraph  is  as  follows : — "  Nam  quomodo  motus  in  pleno 
peragMturintdB^iMniMtert;  cum  pttrtwmBtcrbe,utiniaiqpieinbiite,dg1dbi^^ 
Hint,  nunquam  implebiint  spntiiini  Millduin;  sin  angu1are<i,  propter  omniinodum 
superficieruni  contactum  tirmius  hserebunt  inter  se  qu^  lapides  in  acervo,  et  ordlne 
aemcl  turbato,  non  ampUus  congruent  «d  spatium  solidum  imj^dum.  Porr6  tarn 
•xpainientit  prabBTinnit  tfoim  ndoiiSNW  nadienHitidi^  quod  corptu  iplMerieuBi 
densitatis  cujuwunque  in  fluido  eju.-wJt  ni  (Uiisitiitis  nfi  uiuiuc  subtili  prof^fredicns,  ex 
reidatcntia  medii  prius  amitt«t  ■embsem  lootus  «ui  quam  iongitudinem  diametri  buib 
de»cripserit.  Et  quod  reaittiHltk  fluidi  ilKaa  ne  per  subtilem  p«rtium  diviaiHiem, 
nec  per  motum  partium  inter  w  diminui  poerit,  at  oorpug  kw^tudjiwin  dlwneCd 
prius  deaeribat  quam  amittM  mmmtta  toMoa.'* 
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This  manuscript  bears  no  date,  but  two  circumstances  enable 
me  to  state  that  it  must  have  been  written  certainly  eleven,  and 
in  all  probability  iifteen,  years  before  tlie  publication  of  the  se- 
cond edition  of  the  Principia  in  1713.  Ist^  The  edition  of 
David  Gregory  s  Elements  of  Astronomy,  into  wliich,  as  aiready 
Stated*  mudi  of  that  portion  of  Uie  manuscript  wlndi  idates  to 
tlie  opmions  of  the  andents  bas  been  transferred  almost  vexfaa- 
tim,  in»  publiahed  in  tlie  year  1708.  Sid,  1  find  the  whole  of 
the  manuscript  6urly  oo|Hed,  in  the  handwriting  of  Dayid 
Gregory,  into  the  end  of  a  manuscript  book^  containing  his  un- 
published notes  upon  the  Principia  of  Newton,  and  bearuig  a 
nmning  date  from  1687  to  1697.  In  1702  Sir  Isaac  Newtow 
was  not  more  than  60  years  of  age,  and  if,  as  apj)ears  almost  cer- 
tain, David  Gregory  received  this  manuscript  from  him  between 
1687  and  1697,  he  must  liave  received  it  when  Newton  was  be- 
tween 45  and  55  y^rs  of  age. 

1  do  not  know  whether  it  is  true,  as  stated  by  IIl  ygens, 
Newtomdm  inddisse  ih  Phienitin but  I  think  every  gentle- 
man ifho  enaarinea  ihii  manmcript  trill  be  of  opinion  Hut  he 
must  have  thoroughly  recovered  from  his  Fhrraitis  befiore  he 
mote  eiliier  the  commentaiy  on  the  opnions  of  the  andents,  or 
the  sketdi  of  his  own  theok^Loal  and  pbilost^hical  opinions 
whiofa  it  contains. 

Since  the  foregoing  notice  was  read,  some  additional  light  has 
been  thrown  on  the  points  to  which  it  refers,  by  the  publication 
of  Sir  Isaac  Newton's  Correspondence  with  Mr  Locke,  in  the 
Life  of  the  latter  by  Lord  King.  Two  of  Newton's  letters  to 
Locke,  contained  in  this  valuable  work,  might,  at  first  sight,  ap- 
pe£^  to  favour  the  supposition  of  a  temporary  derangement  in  his 
inteUecty  more  especially  as  they  oorreqmnd  in  point  of  date  with 
M.  Biov's  **  fttal  epoch"  of  1608 ;  and  as  Newton  himself  states 
in  one  of  them,  that  he  had  totally  fiirgotten  what  he  had  writ- 
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ten  on  the  subject  of  Locke's  doctrine  conoenuog  innate  ideafly 
scarcely  three  weeks  before,  in  the  other*. 

But  I  believe  it  will  be  found,  on  closer  examination,  that 
these  letters,  unsupported  by  more  direct  evidence,  will  scarcely 


*  To  enable  the  reader  to  form  his  own  ophnon,  thew  tfto  letten  are  here  sub* 
joined.    They  are  both  addreaaed  to  Mr  LoCBB. 

"Bib, 

"  Being  of  opfaiion  that  you  endeavoured  to  embrml  me  with  women  and  by 
other  means,  I  was  ao  affected  with  it,  as  that  when  one  told  me  you  were  sickly 
andirauUiiotBTC^  TaiMwovd, 'Twmlwtlerif  3^  IfMreyoato 
forgive  me  this  uncharitahlencKS.  For  I  am  now  siitisfietl  that  what  you  have  dont- 
is  justt  and  I  beg  your  pardon  for  my  having  hard  thoughts  of  you  for  it,  and  for 
iqpwieiiting  that  you  struct  at  the  root  cf  morality  in  a  principle  you  laid  down  in 
your  booik  of  Ideas^  and  dcrigned  to  purme  in  anodwr  book;  and  tiiat  I  took  jrou 

for  a  Hobbist.  I  heg  your  pardon  also  for  saying  or  thinking  that  there  was  a  de- 
Mgn  to  sell  me  an  oflioe,  or  to  embroil  me.  1  am  your  most  humble,  and  unfortu. 
nate  Servant,  U.  NswrOM.^ 

At     Bun,  in  AoMdltch, 

In  answer  to  these  painful  a»  knowli  iiirnu  tits,  I.ockk,  in  a  letter  written,  as 
Mr  Stewaht  justly  remarks,  "  with  tiie  uiaguuiiiuiity  of  a  philosopher,  and  with 
the  goodJiumourcd  ferbcanuioe  of  a  man  of  die  iforid,*  requests  Nswroit  to  point 

out  the  places  in  his  Ixwk  that  gave  occasion  to  hk  censure,  in  order  that,  by  ex- 
plaining himself  lu-tter  in  a  second  edition,  he  may  avoid  being  niintaken  by  other*, 
or  unawarcH  liuing  the  least  prejudice  to  truth  or  virtue.  Nkwtok's  reply  is  a* 
follows: 

"  Sib, 

"  The  last  winter,  by  sleeping  tw  often  bv  my  fire,  I  got  an  ill  hal)it  of  sleep- 
ing ;  and  a  distemper  which  this  summer  has  been  epidemical,  put  nie  farther  out 
of  order,  ao  that  when  I  wnte  to  you,  I  had  not  dept  an  hour  a  n^t  for  a  fort* 
ing^t  together,  and  for  five  nights  together  not  a  wink.  I  rcnienil>cr  I  wrote  to  you, 
}>ut  what  I  said  of  your  book  I  remcml>er  not  If  you  please  to  send  me  a  tran- 
script of  that  passage,  I  will  give  you  an  account  of  it  if  1  can.  I  am  your  most 
humUe  Servant,  It.  NswToir." 

•*  CAiraaiiMt,  OA  «.  UM" 
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wtttant  80  lianh  and'imdiaiitable'a  conduaion.  It  appears  from 
lus  own  sfatemeiit  to  Locke,  that  during  die  early  part  of  the 
year  I699i'  Newtov  laboured  midi^  some  bodily  mdisporatum, 
at^tended  with  loes  of  sleep  for  a  o(»iaiderable  time ;  and  that  his 
health  had  farther  suffered  by  a  dtsoider  wliich  had  been  epide- 
mical during  the  summer  cf  that  y^r.  The  state  of  mental  ex- 
haustion, and  probably  of  nervous  instability,  brought  on  by  this 
disorder  of  liis  lioalth  and  want  of  rest,  would,  of  itself,  I  concciVe, 
go  far  under  any  circumstances  to  account  for  what  it  might 
otherwise  appear  difficult  to  explain  in  these  lettera.  But  when 
we  take,  at  the  same  time,  into  consideration,  that  New  i  on,  with 
all  his  boldness  of  conception  and  his  extraordinary  sagadty,  was 
a  man  of  a  peculiarly  timid  and  apprehensive  charact^y  and  per. 
haps  suspicious  temper,  or  as  Locke  (certainly  a  very  competent 
judge)  expresses  "  a  nice  man  to  deal  with,  and  a  little  too  apt 
to  raise  in  himsdf  suigpcions  where  Queue  is  no  ground*;**  I 


•  Thc-sf  remarkable  expressions  ocrtir  in  n  vtry  curious  and  interestina  letter, 
aluo  cunuuned  iu  Lord  Kimu'b  Life  of  Lockk.  As  it  relates  to  the  charxictci  of 
NxvTOir,  and  appears  to  me  to  throw  coiuidenble  light  en  the  subject  under  discus- 
sion, I  shall  make  no  apology  for  inserting  it  here,  cttpecially  as  it  seems  to  be  bat 
little  known.  It  is  a  conficlcntial  letU  r  from  Locke  to  his  friend  nnt!  relation  Mr 
King,  aftervards  Lord  Chancellor ;  and  it  can  scarcely  be  doubted  that,  had  there 
ben  any  truth  in  tlie  euppodtkm  of  NnvTon^  prevktn  derangement,  be  would 
bnve  nnde  aome  aHuAni  In  it  en  tfaia  ooeedon.  . 

"  Dbab  Cousin,  Oates,  April  30.  ITOiJ 

I  am  punlcd  in  a  little  affair,  and  must  beg  your  auistance  for  the  clearing 
efit  Mr  NnwTDN,  in  autumn  bat,  made  men  ndt  bete;  I  Aowedhim  rajreaaay 

upon  the  Corintliians,  with  which  he  seemed  very  well  pleased,  but  had  not  time  to 
look  it  all  over,  but  promised  me  if  I  would  send  it  him,  he  would  carefully  peniiie 
it,  and  send  me  his  olnervations  and  opinion.  I  sent  it  him  before  Christmas,  but 
hearing  nothing  from  liim^  I,  alx)ut  a  nu>nth  or  six  week*  einoe^  writ  to  him»  u  the 
incloscnl  tells  you,  with  the  remaininf,'  part  of  the  story.  When  JOU  have  read  it, 
and  sealed  it,  I  de«ire  you  to  deliver  at  your  coovenioioe.  Ho  lives  in  German 
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think  we  can  be  at  no  Iobb  to  find  a  satii&ctQiy  explanatioa 
of  these,  as  well  as  other  letters  he  may  have  written  during  due 
period,  without  having  recourse  to  the  very  improbable  and  gra- 
tuitous  assumption  of  an  idiopathic  derangement  of  his  intellect. 
Not  only  is  there  no  direct  evidence  to  support  this  assertion, 
but  there  is  abundant  proof  that,  during  the  alleged  period  of 
Ilk  insanity,  lie  was  employed,  witli  all  his  characteriiitic  vigour 
of  fnind  and  patient  reach  of  thouglit,  upon  various  abstruse  and 
profound  investigations.  Among  Uiese  may  be  mentioned  the 
edebrated  letters  to  Dr  Bemtlet  on  tiie  Ezistenoe  of  a  Deity, 
which,  though  only  published  in  17€6,  wer^  all  written  in 
and  1693. 

Mr  DuOAi^D  Stewabt,  who  had  an  oppcvtunity  of  reading 


Street :  You  must  not  go  on  a  Wediiewlay,  for  Uwt  is  hu  day  for  being  at  the 
Tower.  ThefeaMmwfay  I  deaiKjou  to  d^vcr  ittohimyoundf^  that  1 
fain  discover  the  reason  of  his  so  long  aiknoe.  I  have  several  reflMOS  to  tllink  him 
truly  my  friend,  but  he  is  a  nice  man  to  deal  with,  and  a  little  ton  apt  to  raise  in 
himself  suspicioDS  where  th&K  is  no  ground  {  therefore,  when  you  talk  to  him  of  my 
papers,  and  of  his  opmkm  of  them,  pray  do  it  wirii  all  die  tendemeasin  the  worid, 
and  discavtT,  if  you  can,  why  he  kept  them  so  long,  and  was  so  silent.  But  tfaia 
voii  must  i!o  witliout  asking  why  he  did  so,  or  discovering  in  the  least  that  you  are 
d«>8irou8  to  know.  You  will  do  well  to  acquaint  him  that  you  intend  to  see  me  at 
Whitountide,  and  diiB  be  glad  to  Bring  a  letter  lo  Vie  frani  Um,  or  any  thing  ebe 
he  wiU  please  to  send ;  this  perhaps  may  quicken  him,  snd  make  him  despatch  theae 
papern  if  he  has  not  done  it  already.  It  may  a  little  let  you  into  the  freer  discourse 
with  him,  if  you  let  him  know  that  when  you  have  been  here  with  me,  you  have 
aeen  nw  busy  on  them  (and  the  Benuna  too,  if  he  meMioiM  them,  ttit  I  told  Um  I 
was  upon  them  when  he  waa  heiie»)  iadlunrelMid«  rfghtofaomepwCof  vhatl  «■> 
doing. 

"  Mr  Newtom  is  really  a  very  valuable  man,  not  only  for  his  wonderful  skill  in 
mathewaitioiy  but  in  diTiniQp  too^  and  hit  grert  knowledge  of  die  Scripturea,  ndiei^ 
in  I  know  few  his  equals.  And  therefore  imy  manage  the  whole  matter  so  as  not 
only  to  preserve  me  in  his  good  opinion,  but  to  increase  me  in  it ;  and  be  auic  to 
press  him  to  nothing,  but  what  he  is  forward  in  himself  to  do.'* 
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NEinoirB  letierg  to  Locor  boidc  yean  Mm  they  were  imb- 
UBhed,  turn  nothiiig  in  tihem  bat  "a  hitmOify  and  candour 
worthy  of  lunusdi^"  and  an  u^^uous  and  ahnost  infimfane 
dmplkdty.**  And,  widi  iwpect  to  tlie  opinion  wfakh  Nswrox 
admowledges  he  had  entertained  as  to  the  tendency  of  Locke's 
reaaoningp  against  innate  ideas,  MrSrawABT  states,  that  he 
aj^pean  to  have  felt  precisely  in  the  same  manner  with  Lord 
Shaftesbury,  the  author  of  the  Characteristics,  who,  in  his  re- 
marks on  this  suhjccl,  appears  to  Mr  8t£w  \rt  "  to  place  the 
question  about  innate  if  leas  u\->(m  the  right  and  only  philosophical 
footing :  and  to  afford  a  key  all  the  confusion  running  through 
LocKK  s  argument  against  their  existence  *." 

That  Locke,  who  was  intimately  acquainted  with  Newtov 
at  the  period  of  1693^  as  weU  aa  for  aereral  yean  hefoie  and  many 
aftevwardsy  saw  nothing  in  his  conduct  or  correqKmdence  to  in^ 
duoe  him  to  infisr  that  he  was  at  that  time  labouring  under  any 
degree  of  mental  derangementf  is  ev^ent  firom  his  requesting 
Newton,  as  a  fkTour,  to  point  out  those  passages  in  his  essay 
which  had  appeared  to  him  objectionable  on  account  of  their 
tendency,  in  order  that  he  might  correct  tliem  and  explain  him- 
self !>etter.  Had  there  heen  any  reasonable  foundation  for  the 
chargt  of  insanity,  it  is  not  Ukely  that  it  would  have  ej>cai>ed  tlie 
penetration  of  so  attentive  and  acciurate  an  observer  of  the  hu- 
man intellect. 

The  publication  of  Newton's  correspondence  with  Locke, 
duowB  fiorther  lifj^t  also  cm  the  period  of  his  life  at  which  he 
turned  his  attention  partieulariy  to  theology  and  the  study  of  the 
Scriptures.  It  appean  clearly  fiom  Xewtov's  letters^  that  they 
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cotrespcmdedonthe  guljectof  the  Prophedesof  Duud,  so  eariy 
as  the  year  1691  i  and  that  the  "  HiBtorical  Aeoowit  of  Two 
NotaUe  Corraptions  of  the  Scripture^**  which  H .  Biot  nippoaea 
NswTov  to  have  written  about  the  year  1712  or  171^  when  he 
was  upwards  of  70,  was  actually  composed  and  transmitted  to 
Locke  (by  whom  it  was  forwarded  to  Le  Clerc  for  the  purpose 
of  being  translated  into  French)  in  the  year  1690,  prior  to  the 
alleged  period  of  his  insanity,  and  when  he  was  only  48  years  of 
age. 
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An  Inquiry  into  the  Geometricai  Character  of  the  Hour-Lines  up- 
on the  Antique  Sun^Dials.  By  T.  S.  Davies,  Esq.  F.R.S.£d. 
F.R.A.S. 

TI  ro<it<<raIt  it  ru-ioudro  unc  prol>l^n)«i  plus  gendnde,  k  tnMVOT  Ik  COttffo  hlWltfllMWiCilo 
•ur  la  tpbdre  mime,  et  tur  on  cadnux  queloooqiM. 

DauMBB^  Cbm.  dbv  Ikmpf,  m.  1680^  341. 

The  nature  of  these  lines^  though  a  subject  of  repeated  inveati- 
gation,  has  never  been  aocoiately  determined.  The  loci  of  the 
points  which  divide  the  semi-diurnal  arc  into  n  equal  parts,  have 
almost  invariaMy  been  considered  as  ^reat  circles,  and  tlieir  pro- 
jections upon  a  plane,  which  are  the  dial-hnes  in  qiicstinn,  in 
consequence  viewed  as  straight  lines.  Clavius  was  the  hrst  to 
point  out,  and  to  prove,  the  error  of  this  opinion ;  and  Mon- 
TucLA  (or  rather  Lalai^dc)  not  only  denied  that  they  were 
GudeB  at  aD,  but  affiirmed  they  weie  curves  of  a  very  fantastical 
kind-*-''  tret  bizarre.**  This  latter  opinion,  which  is  partly  true 
and  partly  fidbe^  aeems  rather  to  liaro  been  inconsiderately  ha- 
nrded,  than  derived  fiN»n  any  satiflfiictnfy  conxse  of  lemnuag. 
They  are  not  great  ciz«^  it  is  true ;  but,  as  Dblambbb  has 
replied,  il  y  a  beanooi^  d'exageiation  k  donner  une  forme  tree 
bizarre  a  des  lignes  qui,  dans  aucun  des  cadrons  qu'on  a  tracees 
de  oette  maniere,  n'ont  jamais  pas  s'ecarter  sensiblement  de  la 
ligne  droite*."  Mr  CADELL,the  last  author,  except  Delambre, 
who  lias  attended  to  this  subject,  very  clearly  shews  tliat  tlie 
curve  on  the  sphere  is  not  a  great  circle ;  but  he  has  not  at- 


*  Conn,  des  Temp;!,  pour  Vtm,  18i!0.— dc  TlnaL  toni.  xir.  p.  xxxL 
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tempted  any  mathematical  proof  that  it  is  not  a  less  circle. 
Tlis  reasoning  on  this  point,  is  not,  even  in  form,  any  thing  more 
than  an  appeal  to  cxjKiiment, — "  it  does  not  look  like  a  less  circle, 
and  therefore  it  is  mt  one."  "  If,"  says  he,  **  small  circles,  so  placed, 
be  drawn  on  the  sphere,  or  projected  on  a  plane,  it  tmii  be  found 
that  their  course  deviates  eniirely  i'rom  the  course  of  the  lines 
bounding  the  hectemoria.  The  hectemorial  lines,  ther^ore,  do 
not  cdndde  with  nnaU  drdea  of  the  sphef^  nor  ivith  oouc  sec- 
tions on  the  central  projection  Dblambbe  himself,  indts- 
putafaly  the  hi^iest  autbncity  of  his  age  on  erecy  thing  relative 
toandent  astronomy,  had  always  considered  the  hectemoria  to 
be  rectilinear,  till  the  appearance  of  Mr  Cadbix's  kamed  disser- 
tation, when  he  discovered  that  his  own  equations  indicated 
their  variation  from  straight  linesf."  Still  he  has  not  examined 
what  they  really  are:  he  has  not  shewn  whitlu  r  tluy  be  conic 
section^  or  lines  of  a  higher  order,  nor  even  dist  i  rv^uished  whether 
they  be  algebraic  or  transcendental  ciirves.  Indeed,  his  e(}ua- 
tious  ij:  were  not  calculated  to  shew  the  nature  oi  the  curves, 
howefev  wtSL  Quef  might,  by  a  Httle  address  have  been  adapted 
tothe  computatiGn  of  die  positions  of  isolated  points  in  its  ooume. 
It  may  be  remarked  of  Mr  Cadkli/s  expressions  |,  too,  that  ibcy 
are  equally  incapable  of  Ihmisfaing  the  prqierties  of  the  hecte- 
moria as  a  dasB  of  curves;  nor  does  it  seem'  posrible  lo  extract 
from  them  any  decisive  proof  whether  they  are  the  nqsMScnta- 
tions  of  conic  sections  or  not.  Indeed,  had  it  been  so^  there  is 
no  doubt  that  INIr  (Lidell  would  have  rendered  them  available 
for  that  purpose,  instead  of  substituting  the  mechanical  test  of 


•  Edmbiugli  TiwuMtiMii,  vul.  vui.  p.  68. 
f  Conn,  dcs  TemfM,  wU  4191. 

*  HiUflira  dTAttniD.  Anden.  ton.  ii  p.  4?fi. 
II  Edin.  TnM.  nfti  n^.  p.  65. 
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wpeam&A  fax  tlie  mathematical  sgrUogum,  which  the  subject 
imqueatioiHibly  both  admitted  and  xequired. 

Willi  these  ftcts  in  Tiew,  it  appeared  to  me  the  most  eatis- 
lactoij,  as  in  the  end  it  proved  to  be  the  most  simple,  method 
of  proceeding,  to  revert  to  fiist  principles,  and  obtain,  if  possible, 
a  general  equation  of  these  curves.  As  the  result  of  my  investi- 
gation sets  the  question  at  rest,  by  slunviDg  the  exact  character 
of  the  ( Lirves;  and  as  it  has  tlie  advantage  of  being  effected  by 
principles  which  embrace  all  tlie  circumstances  of  the  inquirj-.  I 
beg  to  otter  it  to  the  Royal  Society  of  Edinburgh,  and  venture 
to  hope  that  it  may  be  deemed  worthy  of  a  place  iu  the  Trans- 
actkm  of  lliat  learned  body. 

Bath,  FOruarj/  84 1880. 
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TH£  EQUATIONS  OF  THE  HECTEMORIAL  CURVES 
UPON  THE  SURFACE  OF  THE  SPHERE 


L 

Ref£BEIK6  the  eurve  to  greait  dide  oo-oidiiiftte8b  origiiwtiiig  at  tht 
demted  inteneetian  of  the  laaMMa'  of  th«  place  with  the  equator,  and  ««ti- 
niated  upon  these  dieke  $  and  moieoftr  puttbig 

I  =  indfawtlon  of  the  bonaao  and  e<iuator,  or  oo.latitude  of  the  place  for  wUeh 
the  dial  b  made; 

D  =  declination  of  any  one  of  the  oomsponding  semi-diurnal  arcs ;  and 
L    ioqgptude  of  a  pobt  b  one  of  theie  conrei  whoK  dedioition  it  D ; 

tilco,  hy  right  aa^ed  spherieal  triangles, 

ain  ~'  tan  D  cot  I  =  ascensional  d2tic'ri.iic«;  or  coinplcmcnt  of  the  semi-diurnal 
arc ;  and  dieNfora 

.  _90— '■jp"*  faPooH 
It  ^ 

tanD=1»iIe««L  (A^. 

Such  is  the  general  equation  of  the  hcctemoria  upon  tlie  spherical  sur- 
lacc,  a  few  pro|ierties  of  which  wc  proceed  to  examine,  in  order  to  furnish 
^  moans  of  aaeertiiniiig  whether  it  he  a  diefe  or  not 

II. 

The  curve  is  eontinttouii  or  the  dud-lmcs  in  questioa  ffarai,  geoecally, 
only  a  part  of  the  curve  whose  equation  vre  have  jvst  dednoed.  This  iriil 
he  apfiarent  from  the  form  in  whidi  it  involves  cos  n  L,  a  quantity  which 
will  vary  incessantly  as  L  is  made  to  vary.  We  shall  trace  it  through  one 
of  its  syrtema  of  changes. 
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Values  of  n  L. 

BK8ULT8. 

INPRRKNUR9. 

to 

bclwecD 

0* 

COS  n  L  =  1,  lan  D  =  tan  I, 

Hence  the  curve  posses  through  the 

and  D  =  1  +  j  jgQp  1 

two  intersections  of  the  horizon 
with  the  meridian  of  the  place. 

0",  9(r, 

cosnL-:;:!,  and  decreasing 
continually  as  L  increases. 

The  curve  is  concave  towards  the 
aiiis  (equator). 

90'' 

cos  n  L  =  0,  tan  D  =  0,  and 

The  curve  cuts  the  axis  5n  a  point 
D  (Fig.  1.)  such  that  AD  = 

D  =  {0",  180=,} 

90",  180°, 

cos  nL  is —  and  increasing  as 
aL  increases. 

The  curve  proceeds  to  tlic  other 
side  uf  LQ,  and  is  concave  to- 
wards its  axi«. 

180" 

COS  nLt  —  —  J ,  lis  greBiesi 

X  ire  cur»v   reiunis    lowBrus  uie 

possible  value  on  that  side, 
tan  D  =  —  tan  1 ; 

>5=-^+{l8(y.} 

axis. 

870° 

180^,  270°, 

COS  ft  L  is  still  negative,  but 
diminishing  in  magnitude. 

cos  nL  =  0,  tan  D  =  0,  and 

The  curve  bends  down  again  to- 
wards the  axis,  being  concave 
towards  it,  till 

The  curve  meets  the  equator  in  a 

D  =  {0°,  180°.} 

a  point  R,  such  that  AR  = 

270",  360°, 

cos  71 L  becomes  +,  and  in- 
creases on  the  positive  side 
of  the  axis,  and  D  increases 
also. 

The  curve  is  concave  to  the  axis. 

860" 

co«  nL  =  1,  tan  D  =  tan  I, 

The  curve  has  arrivetl  at  a  «tate 

andD  =  I  +  |5°g(^  } 

similar  to  its  original  one. 
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By  proceeding  in  tlic  same  manner,  we  shall  find  a  repetition  of  the 
same  results,  and  in  the  same  order,  till  another  circumference  is  added  to 
the  value  of  nL.  Hence  tlie  several  waves  of  curt'e  are  repeated  at  regu- 
lar intenals  upon  the  spliere,  in  unlimited  succession. 

III. 

Since,  after  4AD  of  the  abscissa  is  passctl  over,  the  curve  rctiuns  to  a 
position  V,  corresponding  to  tliat  which  we  have  taken  as  a  starting  point 
I,  if  4AD  be  a  submultiple  of  360°,  the  curve,  after  one  revolution  of  L, 
will  &I1  upon  that  already  traced  out ;  that  is,  if  AD  be  a  submultiple  of 

90°,  otherwise  not.    If  AD  be  a  submidtiplc  of  2,  3,  4,  quadrants, 

then,  aflcr  so  many  revolutions  of  the  value  of  L,  the  curves  will  return  to 
their  original  positions,  and  retrace  the  same  series  of  waves. 

If  4AD,  that  is   be  incommensurable  with  360°,  and  all  its  mul- 

tiples ;  or,  in  other  words,  if  n  be  irrational,  then  no  such  reduplication  of 
the  curves  can  ever  take  place.  In  the  hcctemoria,  properly  so  called,  the 
value  of  »  is,  however,  always  rational. 

It  is  plain,  moreover,  that  all  these  branches  are  equal  to  one  another, 
being  similarly  derived  from  trigonometrical  functions,  whose  successive  va- 
lues at  corresponding  points  are  equal  through  all  the  mutations  of  sign  and 
magnitude.  If,  however,  a  more  detaile<l  proof  be  required,  it  is  easily  ef- 
fected as  follows : 

Let  DW  be  taken  (Fig.  1.)  equal  to  DZ,  but  on  the  opposite  side  of 

1>, 
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Thai.         cMn.AW  =  cas(90— n.WD)s«tiifli.W]> 

cos  n.AZ  =oo«(g0^nAZ)  as^tm «l.AZ sb— mikWD. 

HciM6  the  fbranak  (A^)  beeomes 

tan  D = tan  I  lin  « .  WD  for  point  W,  nd 
tan  D       tm  I  «n  M .  WD  for  point  Z ! 

and  the  Inanehei  ID,  DS  at  equal  diataneea  fiom  the  oontmoii  extNmity, 
aie  hence  eqiud  in  aU  nqpeeti^  hut  wnmA  in  pontion. 

IV. 

The  aniie  great  dfcle  vriU  be  « tangent  to  hoth  hnnehM  ef  the  earn  at 
D»  but  irill  be  on  diflbrent  lidea  of  it  in  t}ic  hvo  hemispheres.  For  we 
have  jwt  aeen*  that  the  curve  is  compoaed  of  equal  and  similar  braiicface»but 

reversed  in  position,  and  therefore  we  may  at  once  infer,  that  any  great 
circle  through  D  will  cut  off  equal  portions  from  each  side  of  it.  Hence, 
when  the  circle  VJJY'  ceases  to  cut  one  branch,  it  ceases  to  cut  the  other, 
and  it  becomes  simultaneously  n  tang'cnt  to  eacli ;  and  the  curve  has  its 
point  of  contrary  flexure  at  its  intersection  witli  the  ei^iiaior. 

The  same  oondunaD  mi^t,  however,  be  readily  obtained  firom  the  for- 
nnila.  For,ecnaidar  Y  a  paint  in  the  heeteBierion»  and  join  BY  by  gicat 
ciide.  Then,  to  ind  tiie  qihemalang^YDW,  ire  have  the  lidcaDW, 
WY  of  the  ii^t«ng]ed  triangle  WDY.  Henoe^ 

sin  WD  =  cot  WDY  tan  WV,  or 
H„  (^-^^"^^apotWDY  tan  D 

B  oot  WDY  tan  I  cm  nL,  «r 
eot  WDY=  no  (^"j^^^^oot  I  sec  nh. 

If  in  this  general  expression  of  tlie  value  of  WDY  we  make  »  L  =  90" ; 
then 

.  T\wv    anO^cot  I  0 
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To  obtain,  then,  the  ultimate  value  of  cot  WDY',  uke  tlie  differential 
co-ci!icients  of  tlie  factors  on  the  light  hand  nde»  instead  of  the  lacton 
themselves ;  we  thus  get 

(go— nL\ 

cot  WPY^cot  I.        _^  j^^^  ^  ^  1  cot  I.  when  nL^W^; 

AL  

or      Ian  WDYstitan  I. 

Hence,  also,  the  tangent  of  the  angle  xchich  the  curve  makes  vcith  the 
axis  at  the  point  of  intersection^  is  always  n  times  that  qfthe  inclimtlioa 
of  the  equator  to  the  horimn, 

V. 

We  shall  now  diacuss  llie  equation  (Aj^^^)  under  another  aspect^  \fy 

taking  the  meridian  F'AP  as  the  axis,  A  bong  the  origin  as  befiire.  This 
investigation  will  be  more  eonvcniently  oonducted,  by  writing  the  equation 
in  this  fimn 

COS  fiL  B  tan  D  «ot  I  (^s^i)- 

We  must  now  recollect  that  the  values  of  D  are  not  intercepted  upon 
great  ciides  through  £  and  Q«  but  upon  less  dtdee parallel  to  £Q.  Our  or- 
dinates  L,  therefore,  are  to  be  estimated  upon  these  parallels.  It  will  readily 
appear,  that  this  is  but  a  polar  equation  of  the  curve. 
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V»lues  of  n. 

botveen 

I 

The  Gwnre  end  Ae  meridMn  at  I. 

tan  D  diminishes,  and  tliere- 
lOK  MM  flitf  tan  I ;  ana 
Ihocfiaiiia  anincMttL  de> 
ctMMibanaWLiBcnlarged. 

The  curve  expands  00  the  poative 

or 

coa  hL  =s  0,  MM  L  s 

Tins  value  of  Lf^  corrc^jX)nclin|j  to 
D  =  Oy  is  the  same  as  found  in 
dw  Ibnner  piwcMi 

(T,  — I 

fwft  fliTk  M       Mid  netww  th^ 

quantity  b  gretter  than 

90*. 

miMn  '  MiilitihllM  fn  ^iwwt^tvA  Ml 

the  piMttiTO  aide  of  tite  nbaeiBtnL. 

—I 

tan  T)  rot  I=-l,nLsl80°, 

<* . 

The  flame  renilt  for  the  relation  of 
D  tnd  L  at  the  Koond  iotersee> 
tion,  at  before  obtained. 

±I,to  \ 
180^—1,/ 

cos                  which  is 

imposidble. 

Ilenoe  the  curve  lins  i>o  jniint  \s'\n^ 
bc^oad  the  declination  =  I  in  ei>. 
ther  hcmiflpherei 

i8(r— I.) 

ISO"  + 1,  J 

The  same  system  of  changes  takes  place  on  the  other  side  of  the 
plohc,  that  is,  bJow  the  liori/tin,  the  corresponding  piints  of 
the  two  systems  being  diauitUically  oppotst  il.    Hii-ucc,  if  we 
conceive  a  diameter  to  move  along  one  system,  its  opposite  ex- 
tnmUj  wiU  tnoe  out  the  other  aystem.   This  •enei  ia  diat  of 
the  nocturnal  hectcmoria,  or  the  finca  which  ifivide  thn  acmi. 
nocturnal  arcs  into  nths.    Or  il  ia  the  fjrMem  hdoofbg  to  the 
antipodes  of  the  fonoer. 

If  we  put  the  equatMn  (Bjj^^^)  into  the  Ibim 

Lco«~'  tan  D  cot  I 

it  it  Toy  ohnoni^  thst,  ibr  any  specific  value  of  iheie  will  be  tt  many 
vthiei  of  L  n  there  ean  he  eoncdred  ciiciilar  revolutieiis;  that  is,  en  unli- 
mited ■Bceewion.  If  n  be  imtional,  tiiejr  will  be  all  dilferant  fi«n  one 
aDotber:  if  fi  be  fimetaonal  or  int^graL  they  wiU  leeor  in  the  aime  eider, 
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aftet  csttlaiik  iatanw]*  oonwipoiiffiiig  tfaevdo^  iod  fiXL  upon  tiM  ttij^ml  19- 

V 11  lie  •  pnper  fbadioii,  fhe  q^untitf  L 11^ 
diwiial  an^  and  die  com  win  pais  into  Ae  n«cln^ 
or  pMNwed  hejmA  and  liae  up  agm  m  the  dnunal  portknu  llieae  pon- 
tiona  nuy  be  fixed  afW  the  occurrence  of  leveml  revolutions,  dcpendii^,  as 
ia  too  olmoiia  to  need  liutber  apeaflcation,       the  value  of  the  fiaelxan  n. 

VI. 

The  qxiestion  then,  at  issue,  is  decided.  The  herfcmoria  are  not 
drdes ;  for  the  circle  has  not  one  property  in  common  with  Uiose  vce 
haoe  shown  to  characterise  this  class  of  ' curves, 

VII. 

The  species  of  a  curve  depauU  upon  tfie  idatkn  amongBt  it*  constants ; 
die  order  vpon  the  xdadon  among  ita  vaxtables.  It  often  happens,  how- 
ever^ diat  iBiiedfie  rdationa  amoiigat  the  eonatant%  alfeeta  alao  the  order 
of  nenrve;  and  wlienever  it  doei  aOk  it  ia  by  depriving  it  of  ita  highest 
taaa,  a  bydeatnyingaU  tboaewbieh  do  not  contain  a  variable  &ctor  oom- 
moDtothevdida.  Thaa  dtaimataiine  takes  place  in  the  case  befiwe  us;  for 
diou|^  generally*  Ae  cnrve  vpon  the  sphere  ia  of  a  higher  older  than  die 
dide^  and  conaeqiaeDtly  is  a  cun'c  of  double  cunaturc,  yet,  in  particular 
cases,  it  becomes  a  great  circle  of  the  sphere.  It  never,  however,  becomes 
a  lees  ekrek.  The  general  equation  (Apj  ),  and  ita  modification^  deter- 
ndne  these  caaea  with  great  simplicity. 

l.T«ke  L^SSLliSiEsLl. 
1^  in  this  respect,  1 =90°,  then  cot  1  =  0,  and 

L  =  ^  Ibr  every  point  in  tbe curve. 

«  n 

Hence,  these  hectemoria  are  the  equinoctial  hotur^lines  of  the  spfaeie. 
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«mI  I  beoomes  ihe  pole  P.   This  agr(K^s«Hhfiwt;fiw  the  senu^diiin^ 
being  aU  aenidide^  the  neridim  of  «oa^ 

t.  Take  die  cqaatioii  in  its  original  finrn,  via. 

tan  Dstn  I  OMiiLs 

andktlsO.  Hun  tan  D  s  0  Ibr  all  valuei  cf  L ;  which  hidieatea  tliat 
tiiebeetenMriaiii  queatioa  have  aU  diiappaarcd.  There  are»  in  trnth,  now 
no  semi-diurnal  nor  seiiu4ioetiiiiial  arai^  and  tberefine  no  heetemona,  the 
equator  bong  in  the  horiaon. 

3.  In  the  same  equaticm,  put »  =  1 :  then 

tan  B  —  tan  I  oot  L. 

This  is  the  equation  of  a  great  dzde  whose  fadinatinii  to  L  la  I ;  in  short 
equation  of  the  horiaon  itsdH 

4.  As  we  increase  n,  our  curves  approach  the  meridian  mom  and  UKHPe 
nearly;  and  when  n  is  bectmie  infinitely  great*  we  get 

y     «n~*  tan  D  out  I 

^-  5H?:  

Hence*  so  long  as  the  numerator  is  finite,  the  value  of  L  is 

wliieh  is  die  eqpuitkil  of  the  meridian. 

Now,  for  any  finite  number  of  revdbtions,  the  numerator  is  finite; 
and  when  ibat  number  is  infinite,  the  expression  beoomn  indeterminate. 

Hence  the  meridian  is  the  only  assignable  locus  when  n  is  infinite. 

These  cases  of  circxdar  hectrmoria  have  been  already  noticed,  botli  b) 
^fr  Cadell  and  M.  Delambui  ;  and  they  are  probably  the  only  ones 
in  whieb  the  curve  becomes  so  simplilicd. 

u2 
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VIII. 

The  origin  may  be  transposctl  to  any  point  ou  the  smface  of  the  sphere, 
but  the  formula?  to  which  such  a  traustor  gives  rise,  are  generally  too  eom- 
plicatixl  to  be  of  nuidi  uisc.  Fortunately,  however,  the  trau.sforniations  of 
this  kind,  which  our  present  object  requires,  arc  extremely  iumpic,  being  only 
to  points  in  the  equutur,  und  to  the  equatorial  poles. 

The  origin  ia  tnnqNMMd  to  any  point  in  the  ctiuutor  whoie  hm^tude  is 
fpmn  (hF  L^,  just  in  the  same  manner  as  in  rectangular  eo  oidinatest  hy 
amply  anneiring  tJus  quantity  to  L  in  the  general  equation  K^^j}'  We 
ihug  ftTftflin 

tm  Dstso  I  cot  •(Ld:  L*)  (A^      i.  ). 

Again,  it  may  be  traasposcd  to  the  equatorial  poles  in  the  foUowiog 
manner.  Let 

ly^gO  —  D;  then 
tanDssootiy; 

or,  taking  the  reciprocals  of  these,  we  shall  reduce  to 

1    _  1        1  , 

tiniy=caClwei»L  (''Vl)- 

The  o^reanon  (A^^^  just  obtained  is  in  fiwt  only  a  pobr  equation  of 

the  curve ;  and  it  is  easy  to  see  how  it  inight  ha%'e  been  primarily  derived 
from  first  principles,  and  the  other  equations  from  it,  in  an  order  exaedy  die 
reverse  of  that  which  we  have  followed.    TJie  equation  i^  nMieovert  OUe  ef 

the  lao^i  important  of  all  in  our  inquiry. 

This  equation  reckons  its  angles  L  from  the  meridian  of  tht^  place, 
PAP';  but  it  nugiit  be  referred  to  any  other  meridian  whose  longitude  is 
:tL'  as  before.  Then, 

tanD'  =  cotIeecn(L±  U)  jj. 
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IX. 

We  haxt  hitherto  coTisidcrcd  only  the  general  equation,  \vithout  any  re- 
forcncc  to  the  numerical  values  of  n.  ThcM;,  fiv  the  fleveral  bour4inea,  are 
as  below : 


S^uatkB  of  Hour-Uiui. 

«=I.S 

|  =  G 
J=:iQf. 

V[.  and  VI.  o'clock  hour-lines. 
Vni.  and  IV.  

XI.  and  I.     .    .    .    .  • .  , 

tan  D  =  tan  I  cm  L 

=  Un  I  COS  - 

stuIcM^ 

stanlcosSL 

=  tan  I  cos  S  L 
=  taa  I  cot6L 
=  tn  I  ooc  inf. 

X. 

We  have  seen,  tliat  whatc'\cr  be  the  vahie  of  n,  the  hectemoria  pa-ss 
tlirouirh  the  intersections  of  the  meridian  and  equator.  ^Vhen,  however,  the 
great  Lirclc  chords  of  the  hectemoria  are  substituted  for  them,  these  chords 
belonging  to  hectemorial  arcs  whose  extremities  have  all  the  same  dedina- 
tion  (die  tropics,  for  initanee),  dicae  dunds  do  not  all  tend  to  the  sune  poiiit 
OD  die  sphere^  Neitiber  do  die  tangents  to  the  heetemoria^  at  thdr  inter- 
section widi  the  equator,  tend  to  die  same  pdnt 

Hie  second  is  a  case  of  the  first;  via.  when  the  dedination  of  the  patal- 
hd  duwQi^  idddi  the  diords  t£  the  hectemoiia  pass  ht  0;  yet  the  stmplar 
nediod  of  finding  the  co-oidinates  in  that  case^  is  to  disems  it  indcpendendy 
of  ihe  general  property. 
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Th^  genenl  eqaatioiw  of  the  tiro  didct  Me» 

In  whidi  B^^  are  the  angles  at  which  these  dnkt  intersect  the  equator, 
■ad  i>«  ate  the  fdiice  «f  »  in  die  genenl  equetkm  of  Ae  faeetemaria, 
adapted  to  tfw  hourJinei  m  qneslMii. 

New,  if  ly  be  die  chdinalioD  of  the  pan]ld»  then 

cor^tniycotl 


.cor-*  UBl>cmI 


andhenceUn^gilMiiy  co«tc|^  «B<^^taeiyontI| 

Which  substitute  in  the  cqtiations  of  the  drcies,  the  vahies  of  D  then 
cqiiated,  and  L  found,  will  give  the  following  remit: 

.93  .90 
Cttin  —  —  c.  an  — 

C.OM —  — C,  COS  — 

nvlieie   Cj,  lie  put  inetod  of  the  tbove  nanieil  coHcanta. 

IntfaeoMeof  tiietaiigeiita.  ho«m,  «e  nwf  moie  nm^Iy  take  ftr  «lie 
values  of     B^,  theie       in  IV.  We  shall  lima  get 

.  9«  i         .  90 
H,tan  -   —  t)^  sin  — 

-    — u  — •« 

These  values  of  tan  L  are  functions  of  n^aude^^,  which  var\  when 
they  vary,  and  eie  pennaaent  whan  they  beoome  pennanent.  Hence,  dear' 
Ij,  the  great  dieica  intcneat  iv  pointe  nhooe  eomMBnetea     D  a»  vaii- 
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able ;  that  is,  they  do  not  pass  through  the  same  point  on  the  surface  of  the 
sphere.  The  hectemorial  chords  will  not,  therefore,  pass  through  the  same 
point  on  the  dial  itself. 

It  is  worthy  of  remark,  too,  that  the  tangents  (Eq.  2.)  intersect  in  current 
points  whose  ordinate  L  is  independent  of  I.  Hence  the  tangents  to  all 
tlie  hour-circles  which  pass  through  the  same  points  of  the  equator,  will, 
taken  two  and  two,  and  adapted  to  equal  values  of  I,  always  intersect  on  the 
same  meridian  of  the  sphere. 

XI. 

We  have  now  given  the  spherical  equation,  and  examined  a  few  of  it.s 
properties,  and  shall  procee<l,  in  the  next  place,  to  g^ve  a  gnomonic  projec- 
tion of  these  hectemoria  upon  any  tangent  plane. 

GNOMONIC  PROJECTION  OF  THE  HECTEMORIA  UPON  A  GIVEN 

TANGENT  PLANE. 

General  Preparation  of  tlie  Dial. — Let  CD  be  the  radius  of  the 
sphere  upon  which  the  hectemorial  cur\'cs  are  traced ;  C  the  point  of  con- 


tact of  the  sphere  and  plane,  BC,  CP  the  tangent  and  cotangent  ot  tilt- 
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latitude  of  the  point  of  contact,  C  of  the  sphere  and  plane.  Draw  BD,  DP, 
and  prolong  BP,  in  whicli  tiike  BE  =  BD.  With  centre  L  and  radius 
KB  describe  a  circle  BLF,  and  draw  the  indefinite  tangents  at  B  and  F. 
With  centre  P  and  radius  PD  describe  the  circle  DN,  and  upon  CP 
as  a  diameter  dcscril)e  the  circle  CHP.  Make  the  angle  BE  A  equal  to 
the  longitude  of  the  point  of  contact,  and  join  AP.  Take  also  Ec  =  E  c' 
=  cot  I  =  tangent  of  latitude  of  the  i)lace  for  which  the  dial  is  to  be 
made ;  and  draw  the  indefinite  right  lines  cr,  dr'  parallel  to  the  tangents 
FI.  BQ. 


Construction  of  Points  in  the  Curves. — Take  any  value  of  L  as  AEZ, 
and  join  ZP,  cutting  the  circle  ICH  in  H.  Kepcat  this  angle  (AEZ)  n 
times,  beginning  at  B*,  and  let  BL  be  this  multiple.  Draw  the  secant 
KL,  cutting  c'r'  in  a';  make  FI  =  E*';  and  join  EI  cutting  the  circle 
in  fi. 

Again,  draw  CH,  cutting  the  circle  DN  in  N;  and  make  the  angle 
I'NS  =  BE  fl.  The  intersection  X  of  PZ,  NS  is  a  point  in  the 
curve. 


*  In  the  6gure  m  ib  nttde  =  2,  being  aJapted  to  lite  IX  and  III  o'riork  Iwur-linva. 
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ilmMlMftOM^Bf  Bmnkift  TnjfiOkm  of  the  Sphnc^  B.  iv.  pr.  10. 
tbe  angle  APZ  is  the  |njeetkn<ifihe  angle  AEZ;  and,  as  is  ebrienii 

BEL  s=  »  .  AEZ  =  nL.v,  -  ' 

Hum,  E =  cqcI  bmiiL  s  F I  =  tanBSliB. tniy.         t: : 

Again,  draw  CM  parallel  to  PZ,  and  equal  to  C'  D,  and  jwn  MH. 
Theu  CHP,  HCM,  aud  PHN  are  right  angiLs;  aud  we  iiave 

=  DC»  +  CH«  +  HP» 
=  CM«+CH»  +  HP« 
=  MH»  +  HP*. 
But  we  have  «l«o  N H«  +  H  P»  =  PN»  =  PD» 

and  heoe^  ftialtj,  NH  s  HM. 

It  follow^  lihaefiiN^  fimn  Hoidey'a  prop.  9.  v6i  nsprot  that  the  aie 
wliidi  measures  the  angle  PNX  is  projected  into  PX;  that  is,  the  azeiy 
is  pnjeeted  mto  PX.  It  has  also  been  shewn  that  the  angle  AEZ  is  ||io- 
jeeted  into  APZ.   Henee  X  is  a  point  in  die  enrve.  Q.  £.  D. 

XII. 

The  specific  details  of  the  constniction  are  adapted  to  cases  where  the 
point  of  Cfintact  is  not  of  a  latitude  either  very  high  or  very  low.  Very 
slight  modifications,  however,  ^ill  adapt  it  to  these  cases  also.  The  opera- 
tions are  intentionally  rtiidcrcfl  as  simple  as  jx)s.sibie  in  reference  to  the  in- 
termediate latitudes,  which  could  not  liave  been  done  had  we  attempted  in 
the  same  paragri^  to  render  the  description  practically  applicable  to  all 
essfls.  WepnwssdtpeamifelheBepHrtiflulsralaftesof  tfaepKol^^ 

'     vol..  XII.  PART  I.  ,  N 
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1.  W7i£n  the  latitude  of  the  point  of  contact  w  small. — Let  BC  be 
the  tangent  of  the  latitude  of  the  point  of  contact ;  CD,  at  right  angles  to 

it,  the  radius  of  the  generating  sphere ;  and 
AEZ  any  value  of  L  as  before.  Draw  DP' 
at  right  angles  to  DB  In  this  case,  the  in- 
tersection of  BC  and  DP'  may  be  considerctl 
as  inaccessible,  and  the  description  of  the 
circles  DN  and  CllP  as  practically  impos- 
sible. However,  we  are  in  possession  of  nu- 
merous processes  for  drawing  lines  which  shall  tend  to  the  inaccessible 
intersection  of  two  given  lines;  and  by  attending  to  the  construction 
which  was  employed  for  facilitating  the  demonstration  of  the  general  me- 
thod, we  shall  see  at  once  that  the  circles  are  not  essential  to  the  con- 
struction of  the  problem  itself,  though,  when  they  can  be  employed,  they 
abbreviate  the  operation  considerably.  The  substituted  process,  then,  may 
be  as  follows. 

Draw  CH  perpendicular  to  ZH  (ZH  tending  to  P);  CM  parallel 
to  Zll,  and  equal  to  CD;  and  having  joined  MH,  prolong  CH  till 
H  N  =r  HM.  Draw  NR'  tending  to  P,  and  make  R'NX  =  BE  6.  The 
intersection  of  HZ,  NX  gives  X,  a  point  the  ciure. 


2.  When  the  latitude  is  0',  or  the  plane  touches  the  equator  of  tlie 
hcctcmorial  sphere. — The  same  course  of  reasoning  leads  to  a  very  simple 

construction  of  this  case  also.  For  the  point 
P  having  now  become  infinitely  distant,  the 
lines  DP',  BC,  ZH,  NR'  are  all  paraUel. 
The  jwint  H,  moreover,  coincides  with  Z, 
and  C  with  B  ;  and  hence  the  point  M  falls 
in  BC,  and  N  in  BZ.  Hence, 
Take  M  B  =  radius  of  generating  sphere, 
and  find  B  E  8  as  before.  Take  Z,  the  point  corresponding  to  A  E  Z,  and 
join  M  Z.    Make  ZN  =  ZM,  and  draw  NR'  at  right  angles  to  AZ; 
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and,  finally,  make  the  angle  R'NX  =  BE9.  The  iatenection  of  NX, 
Z     frill  give  X,  as  before,  a  point  id  the  curve. 

•  S.  When  the  latitude  of  the  j>oi»f  of  contact  of  the  sphere  and  plane 
is  contiderahle. — By  similar  triangles, 

BD(r=BE):BP::  DC:CP::rad:  cosec 
denoting  the  latitude  of  the  jwint  of  contact) ;  and  hence,  if,  on  ant/ 


.scale  we  take  B'K' :  E'P'  : :  rad  :  cosec  \  we  may  proceed  with  tlje  sub- 
sidiary  operations  for  finding  B'E'O'  as  before,  upon  this  new  figiue.  The 
same  relation  will  ob>-iousIy  subsist  between  A'E'O'  and  its  projtvtion 
A'  P'  Z',  as  between  the  corresponding  angles  upon  the  dial  which  we  are 
constructing.  We  have,  then,  nuroly  for  any  longitude  L  =  A'E'Z'to 
find  A'FZ';  to  make  APZ  =  A'P'Z';  and,  finally,  by  the  general  pro- 
cess  find  PN,  and  make  the  angle  PNX  =  A'E'  (f.    We  thus  get  X. 


4.  JVJicn  K  =  90',  or  the  point  of  contact  in  the  pole  of  tfie  equator. 
— In  this  case  P,  C,  H  coincide,  and  we  hare  only  to  draw 
CN  at  right  angles  to  CZ,  and  equal  to  the  radius  of  the  ge- 
nerating sphere ;  then  making  CNX  =  B'  E'      We  get  X 
a  point  in  the  curve. 

We  might  have  supposed  the  coalescence  of  A  and  B  in 
tliis  last  construction,  since  the  pole  may  be  deemed  of  any 
longitude. 

K  2 
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It  might  fiuliheir  bp  obierTed,  that,  in  the  general  construction,  the 
circle  BLF  has  lieen  en^p^oyed  mady  to  give  facility  to  the  verbal  descrip* 
lion  of  the  prooea^  and  to  prevent  the  necessity  of  a  separate  construction 

to  subserve  the  purposes  of  demonstration.  In  real  practice  it  would,  how- 
ever, evidently  be  more  convenient  to  keep  it  apart  from  the  dial  itself,  as 
A'li'6'  was  kept  in  (XII.  3.).  The  lines  then  employed  ujwn  the  dial  it- 
self will  ])e  less  numerous,  and  the  process  less  complicated,  than  at  first 
sight  it  may  seem  to  be.  .  ' 


We  bttfe  thm^  by  ^ple  modifiotiona  of  one  uniform  melJiod  of  eon- 
stnictknit  dioim  how  tiie  bectemoiia  may  be  traced  iqrao  any  plane  wfaaU 
ever.  So  &r,  then,  aa  the  idane  dialiaeonoeined,  MeproAfempropoietf  hff 
Bblaxbeb  uJtUfy  and  ampleteiy  raob/ed.  Bials^  ho«rev«r,  have  been 
described  iqmi  other  «ur&cesi  which  have  been  oonndered  aa  luetemorial* 
and  it  nuiy  iheiefore,  in  oootinnanee  of  the  same  sjntem  of  investigation,  he 
well  to  notice  one  or  two  of  them. 


XIIL 

Q^kidriad  Heefemma,  in  amiaci  voitk  the  SqwUor. 

Mr  Cadell  has  given  delineations  of  the  iicctemoria  upon  a  cylinder 
touching  the  sphere  at  the  equator  {Ed.  Trans,  vin.  PI.  3.  figs.  10 — 14). 
As  the  urc  D  of  the  equation  (A„  , )  is  projected  into  its  tangent,  this  equa- 
tion is  a  complete  represeutatioa  of  that  projection.  We  may  hence  con- 
struct those  developed  cylmdrical  hectemoria  with  great  fiuality.  It  is,  in- 
deed, as  will  be  shown  &rther  on  (see  XXX.),  only  a  modification  of  the 
harmomc  curve*  , 
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XIV. 

Conical  Hectemoria. 

In  the  second  volume  of  Stuart  and  Revett's  Antiquities  of  At  htns, 
page  29,  there  is  given  a  side  and  front  delineation  of  a  dial  traced  upon  a 
conical  surface,  whose  vertex  is  in  the  prolongation  of  the  axis  of  the  gene- 
rating sphere.  The  lines  traced  upn  this  are,  by  Mr  Cadell,  considere<l 
to  belong  to  the  temporary  system.  Without  anticipating  what  I  have  to 
say  concerning  this  and  some  other  specimens  of  ancient  dials  commonly  re- 
ferred to  this  class,  I  shall  here  investigate  the  equation  and  characters  of  a 
hectcmorial  conical  dial,  whose  contact  mth  the  sphere  is  a  circle  parallel  to 
the  equator. 

Let  H  be  the  vertex  of  the  cone,  G  one  of 
the  points  of  contact  of  the  cone  and  sphere. 
Let  K  =  latitude  and  L  =  longitude  of  G, 
reckoned  from  the  meridian  of  the  place; 
D  =  declination  of  one  of  the  points  of  the 
spherical  hectemoria  corresponding  to  I^,  such 
that  its  value  fulfils  the  equation 

tan  D  =  tan  I  coeec  L. 

Let  Q  be  the  point  upon  the  oone  into  which  D  is  projected.  The  ob- 
ject,  then,  which  we  have  in  new,  requires  the  value  of  the  line  HQ  in 
terms  of  L,  D,  \ ;  or  rather  of  L  and  k,  since  D  is  a  Vnoym  function  of  L ; 
we  have,  ^ 

-s:  HOD  =  90  — D         .    •  .  • 

HOG  =  90  — V 

DOG  =  D— V.  •  • 
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Again,  HQ  =  HG  — GQ  =  o (tan HOG— tm DOG) 

I  tanD  — tanX  )         .  ,. 


XV. 

We  aj^t  faaw  f*'— »f''**  the  vilwa  of  v  ftom  the  iatetiecte  «f  Ike 
Fbel^inttfnotioacrAniatoafliieaiaewithtlice^^  than. 

p  =  FGt  +  GO  =  a<  tan  >•  +  i— r-; — ,x  -  ^  V 
^    ^         \  1+tanD  mil  >  j 

^      1  +tanX  iBnD  ~"    '  cotIeolX+o(*«L  "^"-^ 

I'he  chici  ditiereiicc*  between  tbc»c  two  exprcisious,  so  Ikr  as  utility 
ooncenied,  u»  that  the  vabe  4rf  v  has  a  consUuit  numerator  whUe  that  efV 
hiwiwi  thefMMHe  iMior  eos  nL. 

XVI. 

Uim^ham^  tiboe equatuns  (C^  J  ve put  ji  s  0,  the  lenilt is, 

V  s  tofinUy; 

indicating  Ibat  the  ctigin  er  vertex  of  the  cone  is  infbiitcly  temrie. 

Bnt  if  we  put  ^  =  90^  then  we  obtam 

a  oot  1 

•  =  — — r  "  «^  cot  I  Sec  «  L, 
cos  n  L,  ' 

the  same  equation  that  wc  r^t  unf  il  Inr  tli    !K  f  tcmoria  reforrcil  to  the 

|K>!v' (VTTT).    Wr  mijjht  here  i' till :irV .  tlui',  iv  iluit  oquatiou,  the  arc  IT  is 

projctUii  upou  u  plane  tonphiji£r  ihe  ^plit-it  ai  iln  pole,  into  its  Inn^ent. 

and  the  angle  L.  into  an  k^ikiI  angle.   That  (jmiauou  is,  then,  the  cipiatioii 

of  the  projected  hectcmuria  ix^n  such  a  plane ;  and  we  are  Icil  to  the  same 

result  by  the  cquatien  which  we  have  just  obtained  for  the  cone,  the  oone 

having  merged  into  tiie  tangent-phme  when  the  latitude  of  ite  cirde  of  ooii-> 
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Utet  became  90".   Wc^  however,  shall  have  ocesnon  to  speak  mom  enipljr 

cni  the  subject  Curther  on,  imd  therefore  disnuBS  it  for  the  present 

11^  oa  the  other  hand,  we  had  lued  i/,  we  shoiiU  have  had*  when  ass  0^ 

i<  =  tan  I  omuIi^ 

the  equation  of  the  heetemorial  equatorial  c^lmder  (XIII.)^  Into  whidi  ty- 
lindcr  tlic  cone  is  now  transformed. 

But  if  X  =  90*,  then  if  attains  an  infinite  value,  which  shows  that  the 
intersection  of  the  cone  (tliat  is,  in  this  case,  of  the  p<daff  tai^^t  plane) 
with  the  equator  is  become  infinitely  distant.  . 

XVIT. 

When  we  develope  a  cone,  the  radiu'^  of  the  sector  into  which  it  is 
evolved  is  the  ardte  of  the  cone  itself.  Tlie  radiua  of  thai  sector  is  to  the 
radius  of  the  circle  of  contact  (as  HF  :  FO  : :  HG  :  GK : :)  as  oosec  a  :  1. 
Henee  all  the  valnea  of  h,  ledoied  fiom  the  hcginiu^g  of  tiie  loii|^tnd^ 
aie  4fMMiilftol  m  the  sector  hi  lihe  lame  iBlio.  HneektocsKprcsiliheciiiHk 
tioo  of  the  heetemoria  i^on  tndi  a  oonk  soi&ce  when  devdoped,  we  most 
tske  tins  ehange  hito  aeeount.  Henee>if  thelhean^linndbetweaithe 
ladhis  seetor  v,  and  the  oi%itt  of  angidar  eo-oidiiiatee^  the  equatwM  ftr  v 
and  i/  will  become, 

^   a  cosec*  ^  cot  I 

cocXootI  -|>oo8(n.coaecX.  1) 

^  ^  a  coscc  >.  sec  >  cos  (f? .  coscc  X  .  <) 

tot  >■  col  I  4-  cos  {n  .  cosfc    .  ^) 

The  latt4?r,  i/.  being  always  redumed  from  the  developed  equator  towards 
the  centre  of  the  sector. 

XVITI. 

These  eciuatioiis  may  lir  rtdiiccd  wholly  into  fiictors,  aiul  thereby 
adapted  to  luganihiu<H  tliuugli  ii  will  upon  experiment  prove  of  Utile  ad* 
vantage  to  do  so,  if  facility  of  calculation  he  our  object.   In  construction. 
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too^  it  is  well  understood  by  all  who  havc^Uteaded  at  all  to  the  practice  of 
such  operations,  that,  generally,  those  are  the  moFt  rn'^ily  coTi««tructi>d  in 
wliirli  the  fewest  products  or  qimttrTit?  appear.  Yet  as  tin  iiu  ilind  ra^Tly 
diM-ivi'ti  ;  and,  moreover,  as  in  mw  jiarlii.  u1?!r  (nin!  tliat  llic  most  iinjx.irt- 
aul,  Lkc  Chorngic  Dial  at  Ailu  n.s  hciag  ati  aikgixi  hpcutucu)  llii:  luruiul.i 
possesses  considerable  simplicity,  it  is  worth  while  to  make  the  tran»- 
lurmation. 

JSidier  ootA.cotI  it  mmaically  grealcir  tim  ±1,  «r  it  it  not 

Caie  I.   Ckit  X  rat  I ±:  1.   Tfaem  put  ir  =  tor*  eoi«L,  and 
s  tan'^  eoti  oot  A.  Then  vre  hwe. 


•  cos  V  COS  ft 


v  =■  « .  cot  i  ctxscc*  >■  COB  ^  CM  V  Goeec  ir  4-  ^ 


■'  CaseU,  Wheaeotxootl  =  ±:1;  that  is,  when  the  uumenuii  va- 
lim  of  X  and  I  are  oomplementary. 

Here  +  1 -f  cos  bL  =  2  COS.' — 

2 

— 1  4caiiiL  =  Jrin' ^ 

And  tiicrctbrc  the  corresponding  values  of  V  are* 

V  = — wcA  c(i8ec>wC4Mec^ 
Case  III .    When  cot  x  cot  I  ^  ztX ;  we  have,  putting  '  =  cot~^  cot  a 

COtli 

COS  >  +  cos  «L  =  2  COS  i  (•  +  n  L)  COS      —  nL),  and  theretorc, 
V  s  |a  eot  I  boiM^  X  ■eci(i  H- aL)  Me     — nL). 


•  For,  in  this  case,  cot  I  =        ,\  cot  1  coaec>>^  =i  ^E^._L_  =-t-^ — -  =s  mcXmmoX. 
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!  fSHHl  w  DC;    HOw0VW(  VOB  < 

:  nmit  bs  ninvsd  iSXL  %  \ 
partioilariiy  i»  dnt  jMrt  «f  Mr  ndjeok. ;  Tlil» 

!Mnaiihtljr«MrfMi  Iliat«qr 
de>wlM  HOI  b»  iiiHMrMMry,  and  ne  ihill  mewly  ■et  tihea  imnu 

Caie  L  .  O'.  =  a .  ooiec  X  Kc  X.  cos oot  v  ooMc  (v    /»)  CM  ttL. 
OneS.' 


Cape&.  V  =  |a.oo«eeX'neXiee|(i'|>«L)ieei(>—- NL)«i»iiLr 

XIX. 

It  is  pkun*  that  if  for  L  wc  write  ooflec  k  .  0,  we  ahdl  hvre  the  i 
of  the  hectemcffu,  when  developed  upon  a  plane :  but  it  will,  upon  the 
whole*  be  more  convenient,  for  the  sake  of  general  mvertigatioii,  to  pnt 
n  eoaec  x  =  m,  and  wc  get  the  developed  curve  in  en  cq;uation  of  the  same 
form  as  that  which  represents  the  cur\e  upon  the  conic  surfuce  itself.  It  is 
unnecessary  to  repeat  them  j  and  we  proceed  to  ascertain  their  forms. 

XX. 

For  this  puipose  we  resume  the  first  genond  tma,  vis.  (C,^,,)  firand 
inXIV. 

coscc-  >■  cot  I 
*  ~     ootXeocI  -i-cosmI.' 

merely  potting  «  ftrn  eoieex,  to  adapt  it  to  AM  devvkpiMttt  aimed  at 
There  aie  several  casesb  aecowiing  to  the  vahMS  aadijgM  give&  to  eoti^ 

cot  I.  '  .  .... 

VOli.  XII.  PABT  I.  fll'  .  .  .  . 
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1.  Leteoiheotlbegieitertiiaii  1, 
and  have  die  lign  plui.  It  b  ptun 
that  the  deiuniiiiiiitor  it  almji  fMii- 
tive  md  ^mv^fadle,  nd  henee  t; 
mutt  have  valueB  oaeUIatnig  between 
finite  limits. 

If,  on  the  contrary,  cot  ^  cot  I  be  greater  than  1,  but  marked  minus,  the 
denominator  will  always  he  negative  and  finite,  and  therefore  oscillate  be- 
tween /7«»7t'  limits.  The  value  oft;,  then,  also  possesses  the  same  character, 
and  differs  from  the  other  case  only  inasmuch  as  it  is  measured  upon  the 
radius  sector  in  the  reverse  direction,  or  negative  side  of  the  pole  of  co- 
ordinates. The  figures  aic  in  both  cases  exactly  alike,  then,  in  form,  but 
reversed  in  position.  The  annexed  sketch  will  give  an  idea  c£  its  cheiactar. 
The  deldb  of  ita  eonna  aie  eadly  laid  down  iy  enumerating  Ae  dinigei 
that  remit  from  the  gradual  change  in  the  ralne  of  aiL,  and  are  too  limpfe 
and  obvious  to  need  recapitnlation,  especially  aa  they  resemUe  the  Inveati* 
gation  contained  in  II.  abnoat  to  identity. 

9.  LeCeotACOtlsl;  thenwhen  MLs(p.fi)x90',  dieeiimanm 
out  to  inimtyt  and  v  becomes  an  assymptote.  They  tlien  fepeat  the  same 
system  of  changes  through  the  next  and  so  en  without  end.  They  have 
fitr  the  least  value  of  v, 

V  a  IcoBseXsseXt 

and  where  the  curve  crosses  the  equator,  it  is 

.  V  ss  acoseeXteex. 

If  eotA  ooti  =  — 1,  the  same  curves  and  changes,  but  in  a  reverse 
order,  present  tliemselves.  By  comparing  the  sketch  here  given  with  Mr 
Cadei.i.'s  projection  on  the  equatorial  tangent  plane,  it  will  be  seen  how 
mucli  alike  the  curves  are  in  the  general  fonn  ;  but  by  comparing  the  equa- 
tions of  XV II  I.  8.  and  that  which  will  be  given  in  XXV.,  a  striking  di& 
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ference  will  be  found  between  them ;  the  one  involves  the  secant  of  the  vari- 
able angle  9,  and  the  other  involves  the  square  of  the  secant  of  half  the 
angle  6. 

In  the  figures  to  this  and  the 
last  case,  FG  is  the  projection  of 
the  equator  upon  the  cone,  QR 
the  parallel  of  declination,  which 
bounds  the  hectemoria  on  the  he- 
misphere, which  is  touched  by  the 
cone.    The  opposite  boundary  in 

figure  to  Case  1.  is  Q'  R' ;  but  in  the  second  case,  it  is  infinitely  distant. 


3.  Let  cot  *  cot  I  ^  +1.    Then  put  cos  r  =  cot  ^  cot  I. 

When  toL  =  180  — »,  then  the  denominator  vanishes,  and  the  radius- 
vector  r  becomes  infinite.    The  curve  has  at  this  value  of  L  an  asymptote. 

During  the  onward  motion  of  m\j  the  denominator  becomes  negative, 
whilst  the  value  of  r  diminishes  in  value  till  fnL  =  180,  at  which  point 
the  cune  bends  roimd,  and  forms  an  equal  branch  running  off  to  infinity ; 
which  it  attains  when  m  L  =  180  +  r,  and  the  cime  has  another  asymjv 
tote.  After  this  the  denominator  becomes  positive,  and  continues  so  till 
»nL  =  2»-  +  180  — »;  and  it  proceeds  through  the  same  system  of  changes 
as  before. 

Thus,  if  SPT  be  the  branch  cor- 
responding  to  the  values  between 
180  +  r  and  1 80  — »  as  values  of  wL, 
then  S'FT'  will  be  that  correspond- 
ing to  the  remaining  portion  of  the 
circuit  lying  between  180  —  r  and 
180  +  F.  The  same  alternation  of  op- 
posite ciures  will  suceeetl  each  other 
at  regidar  intenals,  as  in  the  figure. 

o  2 
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The  parallel  of  declination  bound- 
ing the  hectemoria  on  the  hemisphere 
of  contact  is  QR,  the  equator  is  F  G ; 
and  the  parallel  of  declination  bound- 
ing the  hectemoria  on  the  other  hemi- 
sphere, is  projected  upon  the  opposite 
cone,  and  is  developed  into  Q'  R'.  The 
negative  branches  of  the  develojKuI 
curve,  were,  prior  to  development,  si- 
tuated upou  the  opposite  cone  also. 


ON  THE  ANALYTICAL  EQUATIONS  OF  THE  HECTEMORIA 

We  have  seen  that,  on  the  sphere,  the  equations  of  the  hectemoria  in- 
volve a  multiple  cosine,  and  we  may  infer  from  the  first  principles  of  ana- 
lytical geometrj',  that  the  same  fiinction  must  appear  in  all  possible  projec- 
tions of  their  loci ;  with  this  addition,  however,  that  the  expression  might 
be  expected  to  assume,  in  general,  a  more  complicated  form.  Still  there  is 
one  process,  and  perhaps  one  only,  by  which  an  expression  can  be  obtained 
from  which  the  points  of  the  projected  curves  can  be  computed  with  tole- 
rable facility,  more  especially,  if  aide<l  by  one  or  two  subsidiary  tables.  To 
procectl  systematically,  I  shall  commence  by  finding  the  equation  of  the 
hectemorial  cone,  concentric  with  the  sphere,  and  referred  to  rectangular 
co-ordinates ;  and  then  proceed  to  determine  its  intersection  with  any  plane 
whatever. 

• 

XXI. 

The  Etptatioivi  of  the  Hectemorial  Cone. — The  spherical  functions  of 
latitude  and  longitude  may  be  readily  transformed  into  rectangular  ones  by 
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means  of  the  common  equations  for  the  interchange  of  rectangular  and  j)o- 
lar  co-ordinates.  Thus,  a  being  the  radius  of  the  hcctemorial  sphere,  and 
putting  tan  I  =  i, 

s  =  a  sin  D,  ^  ^ 

y  =■  a  cos  D  sin  L, 
X  —  a  cos  D  cos  L, 

from  which  tan  D  =  —  ,  and  cos  L  = 


Then  substituting  these  values  in  (A^^^),  we  obtain 

— i  =  t  cos  n  coar'  7==,  (A,,,) 

which  is  the  equation  of  the  hectemorial  cone. 

XXII. 

Our  object  being  to  f!nd  the  intersection  of  this  cone  with  a  given  arbi- 
trary plane,  the  most  obnous  method  of  proceeding  is  to  so  transpose  the 
origin  and  direction  of  the  co-ordinate  axes,  that  two  of  them  shall  lie  in 
that  plane,  and  the  tliird  be  at  right  angles  to  it.  The  method  of  Euler, 
which  is  commonly  employed  for  this  purpose,  and  whidi  is  oflen  found  to 
be  the  most  simple,  both  in  its  application  and  results,  is,  in  the  present 
instance,  less  convenient  than  the  symmetrical  formula;  of  M.  FwANqAis. 
I  shall  accordingly  employ  the  latter  method  in  the  general  transformation. 

Let  a,  a',  of'  be  the  cosines  of  the  angles  made  hy  af  ^  ^^^^  a:  v  ~  rc 

•  2^  Jspectivrfy'."'  " 

Then,  draw  OP  perpendicular  to  the  plane  of 
projection,  meeting  the  sphere  in  P,  a  jwint 
whose  latitude  is  x,  and  longitude  /;  and  let  this 
be  taken  as  the  axis  of  Draw  OP'  in  the 
plane  of  the  meridinn  ~P;;'  perpendicular  to  OP, 
which  take  as  the  axis  of  a/.  Lastly,  draw  OK 
perpendiciUar  to  POP',  for  the  axis  of  1/.  The 
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vtliiM  of  die  Hue  coomt  aliove  mentioMd  alay  ilien  be  ibnned  into  a 
teUet^  at  below. 


Axes. 

9 

a  s  cwXF  =  cmXL  «mLP 
»  001/ nnX 

it  =  cmPY  s  enLFeuI.^ 

=  — eatX 

y 

b  St  cmXK  =  nn/ 

2r  s  coaK  Y  s  out < 

c  =5  €0»XP  =c(mXLcosLP 

=  cos  /  COS  ^ 

s  coftPy  s  cosPL  cos 

* 

=  cotX  tin/ 

<f  =cti*PZ 

The  aeml  valnw  iiiiP,y,z,  then,  whUtt  the  ori|pii  remiim  URftltomi 
iriObe 

X  =  a/  cos  7  sin  x  +  y  sin  /  -f  rf  cos  i  cos  X. 
y      a/  sin  /  sin  X  — y  cos  I  +  it  »nl  oos  \. 


If  we  nibititiite  teenlnee  of  a^y,z  in  the  equation  (Axy.)  shall 
obtdn  the  aheet  of  the  heetemonal  cone  tefoied  to  die  same  ori^,  but 
new  vmt  a/, ^1 X^;  bat  we  may  n&r  tbem  to  any  otiher  01^  by  amply 
adding  to  the  values  of  the  eomnKnalee  of  that  point.  The  object 
we  have  in  view,  taken  inoonnexion  with  the  fivm  of  the  eqiution.(Aary2) 
requires  that  the  addends  tear  and  jfdionld  be  both  symmelxical  and  riniple. 
Tliere  are  four  points  which,  under  this  aspect,  offer  themselves  to  our  oon« 
odeiatioo,  viz.  the  point  of  contact  of  the  plane  and  qtheieb  and  the  three 
intersections  of  tliat  plane  with  the  axes  of  x,  y,  z. 

The  point  of  contact  offers  symmetrical  resultSg  its  addends  being 

y=acosAib( 
A'sacotAoosf; 
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holt  they  we  Mi  in  general  the  moit  nmple.  An  exeepticm  to  thif  hi^ppens 
when      0^  or  the  plane  touches  tlie  equator,  M  tviU  {legeatiy  appetur. 

Tbc  intersection  of  x  with  the  tangent  pkne,  offen  a  result  neady  the 
same  in  form  as  that  given  by  Eulee's  fonnii]«  of  tnnsfimnation ;  and, 
therefore,  had  this  trail sforraation  been  the  most  convenient,  we  might 
have  adopted  that  formula:  at  once.  It  is  wnntirg,  however,  in  s^Tnmetry, 
and  is,  besidp«,  less  simple  tlian  one  yet  to  lir  noticed.  The  same  olijection, 
but  in  a  stronger  decree,  exifits  against  adopting  the  intersection  of  y,  wiUi 
the  tangent  plane  for  the  origin. 

There  only  remains,  then,  the  iaterscction  of  z,  and  we  proceed  to 
give  the  Ktulta  of  takiiig  thia  Ibr  tlie  origin.  The  value  of  die  addenda 
ave, 

Makiiig  ilMae  aubatUntioD^  and  t  ftw  tednrtjadi^  attiTe  at 
length  to 

~    COS  A  4- V  an  A  4- a  coaec  X 
««oaii  ^"  (f    ^  +  ^  «>-^  ^)  '^^  ^     f  ...(Ae^ya% 


-7  FT^"*' 


tihkh  U  tlie  aqnatian  of  Aeheetem^ 

at  dieintexaeetion  of  c  with  tiie  fltne  of  pnjeetian. 


XXUI. 

To  ibd  the  cqaatkni  of  the  temponuy  faow-liaea  npan  thk  planer  we 
hate  only  to  pat  a'ss  and  efflwe  the  aoeenta  from  x'.y'.  Tbna  we 
have 

«— i*  c<«  A  +  a  cosec  A      ^_  '        x  an  Icotl +  vmal 

 /  V'   «.-■   :  ■■  *cPtI  =  «»«co»  — .  1  .  I    1^  11       llLxMi.  - 
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Or  changing  icet^ngiilar  lnto  polar  efMndiniale%  r,  t,  it  lieooiiici  <divid* 
ingallby  coe#) 

—  r  COS  A  +  fl  cos«c  X  sec  »  ^  ,  sin  a  cos  /  +  rin  Z  tan  # 
 •/  '■  A .  .  ^  » : —  •  cot  I  =. cos  «  cos~'  — >  i  ■    .  .  — 

cr  iq[Mti»ting  the  TariaUesj  '  . 


(^tin  >,  cot  /  +  lan  ^  »'*^" 


Va5?fI+iSn .  MO  A  ttii  I  ewncor-      ^     / -f  tan  i)  ».a  < 

Tliis  expression  admits  of  some  simplification.  For  with  respect  to  the 
radical  which  is  involved  doubly  in  the  denominator,  we  may  write  it 
thus: —  ... 

«n»  A  +  tan'  f  =  Bin*  a  +  sec* « —  1  =  sec* « —  cos*  A=(sec  l+cos  a)  (Me«->cc»*)=^% 
which  is  adapted  to  l(^;arithms ;  and  ^  is  the  same  for  the  whole  dial. 

Agahkf  Ibr  the  numerator  of  the  ezpreaaioD  under  the  jGunction  eor\  we 
may  put  ■ 

t  =  ian~'  sin  a  cot  /. 

Then  wc  iiave 

(tan  r  +  tan ♦)  sin  Z=:  sin7+ 1  sec  >  scci sb 

which  is  adapted  to  kgarithms;  and » and  aec  r  am    are  eonitant  ftr  the 

same  dial. 

Further,  sec  a  tan  I,  and  see  a  cosec  a,  are  uqistant     tlie  same  dial 
Lastly,  if  we  make  . 

^ — i^.->,^i^^^i"nH^^^«eclsiaf._j^ 

we  ahall  obtain  for  the  equation  of  the  hectemorial  curves, 

.  r=3^  a.  secA  cosec  A  aecl  aec' ^ 

^    ^  ..." 
Or,  exhibiting  the  formula  at  one  View  in  a  caladaUe  UaUt  it  >vill  be, 

^  aMCAcsweAMel  ✓  v 
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XXIV. 

Bv  p'>inrr  to  the-  f^uun titles  >,  /,  n,  various  values,  to  adapt  them  to  dif- 
ferent dials,  and  to  the  several  lioiu-liues  upon  each,  we  shall  be  able  to  de- 
termiue  f<>r  «  a  oorresponding  value  of  r,  and  thus  assifn  tlie  assemblage  of 
poiiili  tAidi  flaiilitute  tiie  levcnl  hectemona.  Though  it  ia  not  mf  isleii* 
tiim  in  1ilie|M0ent  paper  to  cntar  upon  the  disenokiii  of  partknilar 
jet  it  KOM  necennry  to  eater  a  fitde  iato  di»yion  of  the  finnaa 
hy  onr  eqiiatfons  when  partirailaT  Talnca  are  pven  to  x  and  I.  It  ia 
aary.  helib  in  illuitintkn  of  tiie  finmnla,  and  in  older  to  divide  ihewhde  inr 
Teatigatioa  into  porta  aa  neatly  oqwd  m  ia  pcadkaUe. 

1.  LciXsO*;  then  for  all  vahiei  of^we  ihall  baveieeAsl;  eoaec 
Asinfinity;  and 

OMCf  secO°oowcO° 


Hub  ahewa  diat  the  origin  ia  infinitdy  remote*  aa  flom  odier  ninple 
eonaideKationa  m  know  tiiat  it  dundd  he.  The  melihod  to  he  employed  in 
tins  eare  will  he  pmenlly  eaqihdned. 

S.  Let/ a  0*,  and  is  180*,  whilat  A  ia  arbitrary.  Then  am 0  s  ooa 
l=-±\\ and 

^  a  M-c  >,  cow*  A  sec  * 

C  sec  A  tan  icoe  «co»~'  +  1 

C 

This  is  the  equation  of  all  north  and  aov^  diali^  wiiatever  be  their  in> 
dination  to  the  hooaon. 

8.  If  in  (2)  we  put  X  r=  T,  we  shall  obtain  the  equation  of  the  vortical 
smth  dial,  svich  as  the  notox*  of  Andronicus  Cyruhestes,  figured  in 
plate  X.  voL  i.  of  Stuabt  and  Revbtt's  Antiquities  of  Athens. 

*  It  would  hare  boon  more  confonmbU  to  the  OOM— a  usA^e  to  (mre 
thieo  naraua  diauietnciUy  «|ipMit«  qiQii.dM  cUtUfam;  but  if,  in  all 

vol..  UI.  PA&T  1.  P 
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4.  Ifwetakex  =  gO  +  90  — I  =  180~I.  the  (Mmll  he  horizicmtaL 
Of  this  land,  I  belie?^  theare  is  no  qpednien  icnidnjiig  in  any  coUectkm. 

5.  If  X  =  370'  —  I,  the  dial  is  a  north  vertical  one,  such  as  the  bopcaz 
of  Andronicus,  a  sketch  of  whidi  is  given  in  pkte  xL  vol.  L  of 
Stuaet. 


6.  For  die  hat  fattennediiwr  disb  of  AN&BOMicvSt  we  may  readily  find 
the  values  c£  t  and  h,  which  eone^rand  to  cadi  of  tiicm.  For  by  right- 
am^  qherical  triaoglee  we  leadily  ohtain 


Formulae 

Dials. 

A,  /,  for  Aihcoa  (value  of> 

cot  l  =  co&,  I. 

sin  A  =  ^"Y'  sin  I. 

S.  £.  or  £Tro£. 

/=+58  40'  r 

A=  +  84   7  87 

Ibid. 

S.  W.  or  Aiss. 

8B  40  7 

As4M  7ST 

N.B.CMrXAIKiAS. 

2  =  4-148  40  7 
*=:— 84  7SW 

Ibid 

N.  W.  or  XKIPOM. 

148  40  T 
As— M  VST 

7'  In  like  manner,  by  the  i>olutiou  of  a  right  augled  spherical  triangle, 


insgbe  the  dial  plana^  «fk«r  the  hi-t  temorui  are  traced,  to  be  fwolred  upon  its  intersec- 
tion with  t1u>  horison  throa^h  180",  and  the  gnomon  to  be  a  continuation  of  the  nuliii»  of 
the  sphere  and  equal  thereto,  the  extremity  of  it  will  be  the  gnomonic  point  to  the  dial 
asilMiwviilaMd.  HieiwiSMftr      deysrtats  ftoM  Boamaim  iiwy  cmbm*  be  son- 

vcnifiitly  L'xplained  licre  :  mr  i>i  i(  of  nnportanoe  that  it  thoold  het  1  bsVS  InjksHcWI  sf 
the  &ct  bein^  sufficient  to  prevent  miaappreliewion. 
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we  obtain  the  values  of  x,  /  for  the  four  vertical  dials  of  PHiBOKUS  in  Lord 
Elgin's  GoUecticm  *.   These  ore. 


IMal  (Azlmutli). 

Value-  ofx. 

VnUie  or  I. 

iff'll'^Eait 

+  32»  68-  35" 

+  60"  8  30 

+  32  58  35 

—  60    8  80 

99*  Ur  Mr  East 

-f88    8  98 

+  58  10  fl 

+  38    3  fS 

^fiS  10  21 

We  oome  imiw  to  the  case  whidi  Mr  Cadbll  has  w>  well  illiistnted  by 
Ua  toeuate  diawings  f .  Tbb  is,  in  every  point  of  view,  the  rin^pleit  caae 
tint  can  be  taken,  and  waa  wdl  adapted  to  a  &at  inquiry  into  die  geneni 
dnnctetofiheeurvea.  Mr  Cadbll  haaaho  given  an  cqpution  of  ihepn^ 
jceted  enrvea  n^ion  the  polar  tangent  pL»e^  and  deduced  fiom  it  lome  gene- 
xal  infaeneo^  whiob  axe  abondantlf  jvatillcd  by  our  geneial  uivoiligalKin< 

In  tiiia  caac^  the  ei^NHian  ta  leduoed  to 

a  sec  )  coscc  90'  sec  90'' 
sec  1)0  !k?c  *  lan  1  cos  n  cos"'  cm  {l" 
—  a  cot  I  sec  n  (I  ca  *). 

Keying  in  mind  that  Ihe  general  equation  waa  lefenedtothc  axis  of 
aa  the  oiic^  of  fll  it  will  be  at  onoe  obvioiu;  that  if  we  write  ¥  inatead  of 
(!■•  9)  we  ahaU  xefir  ihe  eqnatifln  to  the  mofidiai  of  die  pilaee  aa  die  oiigln 
of  pokr  oo-oidinatea,  and  die  eipKadon  wiU  be  tnmaibnned  into 
rssaootlwetti'  C^rr) 


•  ErToner>n*ily  stativl  in  tho  "  Memoranda  of  Lord  Eixiin's  pursuits  In  Grcoco,"  to 
be  £rom  the  Temple  of  Bacchut.  &Ir  Kixnajrd  saw  tho  dial  in  the  Temple  of  Uacchus 
iBiti«fiBiiidpMit'KNiiiil818.  8m  his  NdMa  to  dM  new  «ditim  «f  Svvabi^  Atfcou. 
In  ttie  present  arrnt)<^otuoi)t  of  the  Elgin  Gallery,  in  tlw  Biili^  BfaMOB^  tUs  did 
•tanda  opposite  the  !»tair*,  iii  tht:  angle  of  tho  room. 

I  Edinburgh  TnuiMctioBB,  vol.  Tiii.  p.  79,  and  tho  oorreapooding  platea. 

p2 
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The  same  result  has,  howevar,  been  already  obtained  (XV.)  by  means 
of  the  central  projection  of  the  general  equation  upon  the  polar  tangent 
plane.   For  it  bobfkoi  lint  tan  ]y«fdiat  equation  u  the  rcfthu; 
lihAfcL  of  ^t  U^  oTi^  pnm     The  two  eqiiatioD/»  , 

tMiiyscotlMeiiL 
r=ootIaM«l' 

eriden^  dillbr  then  in  notluiig  but  the  notation. 

Bu^  in^ependaitly  of  the  general  equation  on  the  sphere,  or  ita  pio> 
jedion>-tbe  etfiiation  of  these  curves  upon  the  pohv  tan- 
gent plaiie.ii^t  have  been  xeadily  firand.  For,  let  A  be 
the  pol^  D  the  intoaection  of  the  meridian  with  the  ho- 
rizon, nnd  1?GC  the  projection  of  any  flemidiumal  arc. 
Let  alio  £  be  one  of  the  lieeteniorial  points  in  that  circle. 
Abo  let  a  a  ndins  of  the  sphere,  and  r  =  A£. 

AOscotI 

2^se«6AC,€rGACscor< 
r  r 

HcneeGBsrs-i-eos-ai^;  or,  finaUy,  l^ndiieliaD, 

r  =  a  cot  I  sec  n  4^. 

XXVI. 

The  equation  employed  by  Mr  Cadell  certainly  shews  that  the  locus 
is  not,  generally,  a  straight  line ;  and,  therefore,  that  on  the  sphere  the 
liectcnjoria  are  not  groat  circles :  but  he  does  not  attempt  to  prove  by 
means  of  it  that  the  locus  is  not  a  conic  section,  and  that  therefore  the  curve 
on  the  sphere  cannot  possibly  be  a  less  circle.  I  say  "  possibly,"  for  we 
should  not  be  justified  in  the  inference,  that  because  the  projection  was  a 
line  of  the  seeond  older,  the  enire  itKlf  was,  ^erefore,  a  less  ciiclc^— 
an  oversight  that  has  been  faudvertantly  made  by  more  than  one  le^efltnble 
geometer.  The  eurte  of  penetratioii  of  a  sphere  irith  a  eoneentrie  cone  of 
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llw  •eeood  cider  b  eontmoidy  of 

jeetmw  Kke  tint  of  tiie  ktcniodans  of  niifieet 

id,  is  of  die  finzlii  dogneew*: 

But  to  letiun.  Klfr  CADBtL**  eqtaatioii  wieleiii  mm^  taiA  penpieu- 
oni  than  it  ni^t  have  been  rendered,  it  waa  owing  to  aeddeot  of  adktpt- 
ing  rectADgular  instead  of  polar  co-ordinates,  and  of  taking  the  vertex  of  the 
curve  instead  of  the  centre  of  projection  for  the  origin  of  the  co-ordinates. 
Yet  one  advantage  has  rcsidtcd  from  it,  that  he  was  clri\  en  to  ptirsxie  his 
investigations  ^phically,  and  thereby  exhibit  to  tlie  oyc  tlie  i'tmeral  figure 
of  the  cim*c,  as  perfectly  as  any  equation  could  exliibit  it  to  the  uiuk  istand- 
ing.  Indeed,  they  exhibit  the  course  of  the  curve  as  clearly  as  it  it  liad  been 
actually  traced  on  the  sphere  itself.  Indisputably,  then,  he  has  Uic  honour 
of  being  the  first  who  clearly  understood  the  figure  of  thrae  curves,  as  well 
aalilieltnt  to  iniMtnte  then:  general  (liareeter  by  actaaldt^^  Had 
he  been  equally  hapfpy  In  hie  analytical  inTestigationi^  he  wouU  hme  ren* 
dned  thia  diaaertatioB  a  woik  of  aopererogatioii;  and  it  ia  mate  dian  |no< 
hable  that  tile  jieaent  inveatigalian  would  new  have  been  imdertJwo.  He 
mnid  theOi  abok  irhilat  he  eanied  eonvietion  to  the  wkaA  of  Bblambek, 
(which  had  aheady  been  made  up  on  the  contrary  ode  of  the  que8tiaa)»have 
produced  a  change  in  the  details  of  the  chapter  on  the  "  AnalenumT  in  the 
Hiatory  of  Ancient  Aatronony  of  that  illiutrioiw  geometer. 

XXVTI. 

The  equation  (A^^)  does  uot,  as  appears  from  (XXV.  1.),  include  the 
cases  (at  least  it  docs  not  express  the  relation  between  the  co-ordinates  in 
linitc  terms)  where  the  point  of  contact  is  in  tlie  equator  of  the  spba« ; 
such,  for  instance^  as  the  emt  and  wei#  wrtiool  dUk,  or  tile  ZB#TfOZ 
ADHAXaTBSof  <*  the  Tower  of  Whida"  at  Athena*.  Theproeeaa  iane- 
verthdeaa  very  aimple. 


*  AroAav,  voL  L  pL  10. 
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■  Let  thm  be  idSoted  to  the  point  of  ooMiaf  m  6q^i»'tittl  Mb  Ae  eoi^ 

em  dud  to  the  cast  point  of  the  homon,  and  the  western  to  the  west. 
Then  x  =  0,  /  =  d:  90* ;  the  addend  to  y  is  ±ra»  md  w  and  »,  cadi  0. 
HflOioe  the.  valuM  atst,  y»  a.  in  (XXII.)  beoome^ 
•  ■  «=±y' 

y=d:x  —  a 

whidi  is  the  eqimtioii  of  ihe  heetonMiiil  eumi  iqioa  the  dial*  txwehiQg  die 
nghae  at  eart  and  wert  pointi  of  ihelioriaoii,  aad  lefened  tolihe  raetan- 
gndar  axel  af, 

But  since,  from  the  methcxl  of  transformation  that  we  have  employed, 
die  axia  of  y  is  the  intersection  of  the  dial  with  the  equatorial  plane,  it 
readily  occurs  to  us  that  the  better  way  will  be  to  inteicfaaiige  the  £  and  y' 
at  the,  same  time  that  we  cancel  the  accents.  Henoe 

y=VF+7l«iI«as«cos~'-^^^   .  .  .  (A^_^.^ 

A  further  transformation  will  greatly  facilitate  the  practical  calculation  of 
these  dials.   Let  ^  =  tan''  or^  (rad.  sphere  —  a) ;  then 

s  a  tan  I  see  f  cos  II  co« un  ^ 
satinIsae^coBi»(90°— f)f  or,  iciiorii^tan-*jr, 
s=atinIseetBn*-(«oo8fi(90^— 4an-*«)  ^A^ 

Uang  Hutton's  tables,  where  the  natural  and  Ic^arithmic  fimetions  of 
the  angle  ?  stand  at  the  same  opening,  we  find  the  value  of  y  with  a  single 
opening  of  the  book,  so  long  as  we  suppose  f  to  vary  from  step  to  step  by 
some  exaet  nimibeir  of  iniikute»--«  degree  of  pxednon  irideh  may  be  deemed 
greatly  move  llm  guffident. 
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XXVITI. 

In  the  same  manner,  but  with  a  Eather  ]««  ample  result,  we  might  ob- 
tain the  equation  of  the  hectanoiia  upon  any  phine  parallel  to  the  earth's 
axis.  We  might  also,  by  the  formula  of  Euler,  attun  the  same  olgects 
and  it  will  be  found  upon  trial  to  be  in  exactly  the  same  form. 

For,  in  this  case,  oiur  x  and  t/  coincide  with  his  y  and  a:  respectively. 
Denoting,  then,  by  t  the  trace  of  the  equatorial  upon  the  dial  plane,  and 
taking  the  other  qiundties  in  the  usual  manner,  we  obtain  by  Euler, 

*,  y  =  90  —  /,  and  X  y,  y  y  =  90* 
hence X  =z  3/  &ir\  I  +  a  cm  I 

4e* s  (a  +  «0'  heetencrfal  equetkn  beoooiM, 

Or,  if  fm  ]wt  a  eoti  s  fr,  it  is 

=  «tuIsfletw-*«CMiieiMri  •|l±i.HnIcwtMi^4r  j-  (-^s) 

Making  the  interchange  already  noticed,  and  droppin<r  th<  aooente  from 
a:',  y',  we  shall  obtain  the  result  from  the  method  of  M.  FraNi^ais.  It 
must  be  recollected  that  ^  is  the  longitude  of  the  point  of  eontact  of  dial  with 
tlie  lieetemorial  e^istor. 

XXIX. 

We  have  considered  the  east  and  west  dials,  and  obtained  for  them  a 
simple  expression  in  XXVIi.,  and  wc  cau  in  the  same  manner  obtoiu  au 
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sion  for  the  "polar  dial  V-^  t her  from  the  same  s^iaX  method 
I  employed,  or  as  a  case  of  XX \'  III.    The  latter  is  the  readiest. 
Here,  then,  l  =  o,  {or  I—  180  lor  the  other  intenectioD) ;  and  tberefiwe 
aal  =  o,a<x>sl=' ai 


y  B 1  t/.g*  ^  «• ooi  «  CM  -T= 


Bat  if  Uaar^s/.=  fk  ^laDe.1n^  lemilt  ^Ji^^  «  eoa  f :  ad^draifing  ae* 

jf  s:  a  tan  I  see  *  cos  n  cos  ^  floa  f 
ss  a  tan  I  sec  p  cos  it  p 
=  a  tan  I  sec  lan  ~ '  x  cos  n  tan  ~*  x. 
The  lint  branches  of  these  hectemoria  are,  traced  hy  Mr  Cadell  f, 
nUdi,  dumi^  kaa  aoeuiate  than  hii  other  dnmings,  arc  yet  anfficieiit  to 
give  a  gCMcal  notion  of  tfichrehaneter.  Tb^aeem  tobedcetebedivithoiit 
much  initmnental  aanatance*  or  reduced  hy  the  eye  froni  larger  pn^eeUonai 

XXX. 

It  has  already  been  stated,  that  the  hectemoria  heing  tnoed  upon  a 
•pher^  and  projected  upon  a  4grUndcr  touching  it  at  the  cquatov  is  hut  a 
modification  of  the  harmonic  curve  f.  The  equation  of  the  curve  upon  the 
developed  cylitider  (tlio  nxis  of  x  Ixing  the  iinn^llff^  equator,  and  y  the  i 
responding  value  of  tan  D),  is  reduced  to 

^  =  «  cos  fix ;  or  when  referred  to  radius  a. 

Put  ^  =(f  or«iirs«{  tbeDysfiar.|.eo8  (~) 

s  t.  n  a.  008  X. 


■nd  meridian  of  the  place  for  which  it  ia  m»de. 
f  Phite  II.  fig.  3.  of  the  Memoir  already  reftned  to. 
t  Art.  XI U. 
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This ii  the  ^lopulaaa  of  liie baimfloie mrtet wImm  qkodalm hni, and 
the  ndius  of  its  genenting  drde  s  of.   2^  A«cleiwr»a^  tfterg/iirft 
profeeled  i^nw      egmlorial  cyfimfer,  and  that  cjfBnder  deodaped,  it 
ike  SAUiONic  CUBTB«  M«  Morftt&i*  ^wAtcA  tr  n  i,  md  radiuf  t^Ut  gjt- 
nerating  circle  = 

Again,  the  harmonic  curve  is  the  deTelopment  of  an  elliptical  section  of 
a  right  cylinder,  and  hence  we  are  put  into  poMesaioii  of  a  mechanical  me- 
thod of  tracing  the  curves.   Thus : 

A  i^t  (^Uiidcr  to  ndius or  a' being  out  Vy  a  pboe  whioh 

the  axis  an  ao^  b  tan  "'n  tan  I,  being  developed  iBdeflaitdyt  irill  pm  die 
heetemoriainqiiestiony«i|i&ifio*  RoOing  this  plane  heetainorial  aones  iqp- 
on  a  (^liiider  to  ladias  a,  ive  obtain  die  ^lindikal  heetem^^  Bfcnttmg 
away  the  upper  or  theloirar  partof  this  cylinder  hy  lines  fiom  tiie  centre  of 

the  equatorial  section,  would  give  a  ruler  vpoa  wbidi  a  linemovii^  about  that 
oentie  would  tiacc  tlie  \t\a\ie  hectemoria  upon  a  plane  anyhow  situated  with 
lespect  to  the  ruler.  The  mechanical  contrivances  reqiiisite  to  efl^  this 
are  not  numerous  nor  complicated  ;  but  great  care  is  essential  in  the  actual 
structure  of  such  an  apparatus  to  ensure  a  desirable  drprre  of  acciuracy. 
These  subjects,  however,  do  not  properly  belong  to  the  present  ^aoe. 

The  decision  of  Uiis  long  disputed  qoestion  in  the  history  of  Astronomy 
is,  I  trust,  now  eflbcted.  We  see  wiiat  the  lines  really  arc,  and  are  well  as- 
suradthat  dim  denatioa  fipoin  dieseehor^  witiun  thenuigereqmrcdby  die 
anckntastropoBiereoBld  not  have  been  discowed  by  any  methods  iridiin  his 
leaoh ;  and  that,  aa  he  had  no  means  of  tradng  duir  prdongationibhe  coold 
not  arxive  at  any  true  notion  of  their  diaiacter.  Even  had  be  been  in  pes* 
session  of  tolerably  accurate  mediods  of  measiuing  time,  he  would  rather 
have  been  disposed  to  attribute  any  slight  difi(3«pancies  bet  ween  his  clock 
and  his  dial  to  errors  of  observation,  than  to  any  deviation  of  the  true  hec- 
temoria from  a  rectilinear  course.   It  was  fnm  coneideiations  altogether 

VOL..  Xil.  FA&T  I.  Q 
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lanu  fif  die  angles,  the  IbnetioDi 'lAitih  enter  into  the  fimBula  just  given. 
The  vabe  ef  L  in  thet  case  mid  be 

n         I «  n  y 

and  the  only  difference  is,  tfaet  the  enon  (the  same  in  value)  are  affected 
by  the  coiitrar)'  sign. 

It  has  been  remarked  that  thr  results  given  by  tlic  formula  above  are 
alxBays greater  than  the  error  arising  from  the  substitution  of  jErrcat  eirelca 
for  the  true  hectcmona,    A  tew  sunple  considerations  will  establish  this. 

Lrt  tiie  plane  ef  tibat  peat  aide  on  the  s^ere  which  joins  the  equi^ 
noetial  and  tMpcal  heotemetial  pointabe  praduced  to  ent  the  equatorial  cy- 
Ihnder,  This  qrlhider  being  again  derdeped*  tile  elliptic  eecli^ 
becoanee  a  new  hafmenie  cutve.  We  have  to  prove  that  this  new  hannonic 
curve  passes  between  the  ftnner  and  the  choid  cf  its  devdeped  intertrapieal 
segnient. 

The  harmonic  cmrc  Is  alirays  concave  to  its  axis,  and  hence  ail  the 
chords,  whicli  lie  wholly  on  one  side  of  the  axis,  lie  wholly  within  the  curve 
Now,  both  these  harmonic  ctm'es  are  referred  to  the  same  axis,  and  cut  one 
another,  and  hence  the  common  chord  must  fall  wthin  them  both  ;  or, 
which  is  the  same  thing,  they  both  lie  on  the  same  side  of  tlic  common 
chord.  Evidently,  then,  that  whicli  lias  the  least  curvature  must  fall  be- 
tween the  other  and  the  common  chord.  But  the  extreme  values  of  y  be- 
ing the  same,  that  curve  will  have  the  least  curvature  whose  range  of  ab« 
tdssa  is  the  greater,  or,  wUeh  is  the  same  thing,  whose  generating  dreum- 
ftraio^<and  eonsequcntly  generating  radius*  is  the  greater.  Hoioe  the  neir 
harmonic  curve  fills  between  the  other  curve  and  the  eomnion  chord;  and, 
tlieidfocie^  if  we  xeslere  the  devdoped  <y1indrieal  surfiiae  to  its  ibnner  eqoa- 
toiial  podtioni  the  great  drde  whidi  fimns  the  spfaeried  dioid  of  the  inter- 
tropkd  hectemoria  will  fidl  bettoeen  that  in  heetemoiia  and  the  line  whidi 
finned  the  rectilinear  chord  of  the  harmonic  cun  e.  The  abscissal  distance 
betiveen  tiie  great  chwb  chord  and  the  true  heetemoiia,  fir  any  specified  de- 
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ascension  is  to  be  calculated.  Draw  CH  parallel  to  AB,  cutting  the  line 
BD  in  K,  and  draw  the  ordinatcs  CE,  KF. 

Then  FC  =  n  i  cos  AF  by  the  equation  of  the  developed  hectemoria 
EK  =  (AB  —  AF  -f-  FE)  x  tan  B  from  the  line  BD, 

but  FC  =  EK     n»  cos  AF  =  (AB  —  AF  +  FE)  x  Un  B, 

rrr>  /    vr-s     « t  COS  AF  4- AF  tan  B  —  AB  tan  B 

or,  Xil:  1=  ILC)  =  55  . 

'     •  ^         '  tan  B 

Putting  its  differential  equal  to  o,  we  have 

tan  B      tan  B 


lin  AF  = 


rtt      fl.  tan  I ' 

1  90— nL' 

=  —  C06  n  L  coscc  


n  n 

where  n  L'  =  semidiurnal  arc,  at  the  declination  jy,  derivctl  from  the  equa* 
tion 

cos  nL  =  cot  I  tan  jy. 

For  the  obliquity  of  the  ecliptic  as  determined  by  HippaRCHUS,  and  the 
ancient  estimate  of  the  latitttde  of  Athens,  viz.  23°  51'  and  87°  SCK,  we  find 

nl.'  =  wi(y\or 

sin  L  =  sin  AF  =  —  cos  7(r  lO"  10*  cosec 

n  n 

But  the  radius  of  the  cylinder  from  which  this  curve  was  developed  was  ~ , 

and  the  arc  AF,  therefore,  w^hen  transposed  to  a  cylinder  whose  radius  is  a, 

will  measure  but  ^th  of  the  same  angular  magnitude.  Wc  shall  hence  ob- 

tain  the  value  of  L  where  the  deviation  is  a  maximum,  viz. 

L  =r  —  sin     J  —  cos  7(r  Iv  Iv  coecc  >- 

n  n  n  y 

From  the  perfect  eqiuJity  of  the  two  branches  of  the  curve,  we  readily 
infer  that  the  same  amount  of  error  will  be  found  at  the  corresponding  de- 
clination in  the  other  hemisphere.    We  may  also  infer  it  from  the  muta- 
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different  from  any  that  were  entertained  by  the  Egyptian,  Babylonian, 
or  Grecian  philosophers,  that  we  have  discovered  the  true  character  of 
the  lines ;  and  it  has  been  mentioned  by  Mr  Cadell,  and  calcidatcd  by 
Delambre,  how  little  these  lines  in  the  intertropical  rc^ons  deviate  from 
their  chords,  in  right  ascension.  This,  however,  is  more  distinctly  brought 
under  our  notice  by  the  fact,  that  the  developed  hectemoria  is  identical  with 
a  series  of  harmonic  curA'es,  the  characters  of  which  have  been  often  examined, 
and  are  well  imdcrstood.  It  is  not  easy,  nevertheless,  to  ascertain  by  direct 
investigation  the  greatest  error  that  can  result  from  the  adoption  of  the 
hecteniorial  chord  for  the  curve  itself,  between  certain  assigned  limits  of  de- 
clination jy.  Treated  by  the  usual  methods  of  maxima  and  minima  we  are 
led  to  an  equation  of  the  form 

_,  .      •  90--nL 
£.  Bin  n  L  =  cos  . 

n 

This  equation,  it  is  at  first  sight  obvious,  can  be  solved  only  by  a  tedi- 
ous approximation,  the  convergency  of  which  is  not  only  slow,  but  the  direc- 
tion and  amoimt  of  the  correction  at  each  step,  very  difficult  to  assign.  De- 
lambre, therefore,  calculated  a  few  of  the  errors  which  belonged  to  diffe- 
rent declinations  and  latitudes,  and  for  each  value  of  n  which  entered  into 
the  expression  for  the  twelve  hour-lines.  These  he  found  to  be  very  mi- 
nute. 

It  is  still  possible,  by  means  of  the  direct  calculus,  to  find  a  quantity  for 
each  hour-line  in  a  dial  adapted  to  any  latitude  which  shall  differ  but  little 
from  the  maximum  error,  and  that  quantity  at  the  same  time  shall  be  al- 
ways greater  than  the  maximiun  error.  This  is  founded  on  the  same  pro- 
perty that  the  developetl  hectemoria  becomes  the  Taylorean  Curve. 

Ijct  A  be  the  origin,  AB  the  axis  of  the 
harmonic  curve,  find  the  angle  B  which  corre- 
sponds to  the  value  ly  of  the  declination  and 
for  the  hour-line  in  question.  Let  C  be  the 
iwint  in  the  curve  for  which  the  error  in  right 
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dinatioii  1cm  dm  IX,  is  always  less  than  the  abMiaal  distance  of  pobti  in 
tlie  heetMMKfa^  and  their  rectilineal  chords  at  the  same  declination. 

These  conduaions  miglit  also  have  been  readily  established  by  means  of 
the  differential  calculus ;  hwt  that  is  jxrhaps,  at  present,  unnecessary. 

The  deviation  of  these  latter  hecteniorial  clionls  might  also  be  investi- 
gate«l,  anH  its  maximum  determined.  The  two  maxima  are  not,  however, 
at  tiie  humc  lUblaut^."  i'lum  the  equator,  though  not  very  distant  from  it. 
The  better  method,  however,  in  practice,  i&  to  lind  the  value  of  D  for  the 
value  of  L  already  determined  in  the  BevenX  curves ;  and  then  find  for  this 
vahie  of  I>  die  value  of  L  in  1]ie  dioid.  Hie  dftfenee  is  ray  newly 
die  greatest  enmr;  ivbicb,  conrerted  into  eqiiinoBdal  finis*  gives  die  emir 
of  neh  s  dial  leckoiied  fion  aiqpaient  timfe  The  eouputotions  vriil  be 
^▼en  in  die  sulMetiuent  part  of  the  diiBertadon. 

XXXII 

As  a  proof  that  Delambre  did  not  even  imi^^  the  possibility  of 
finding  a 0O4iidinate  equatitm  of  the  hectemoria,  we  may  quote  the  last  pas* 
sage  which  has  perhaps  been  pcnneil — at  least  the  last  published — on  this 
subject  It  is  token  from  the  "  Corrections"  to  the  second  volume  of  his 
History  of  Ancient  Astronomy.  By  a  system  of  prpprinicnts  he  arrived 
at  some  general  notion  of  the  1  i m  oi  the  ciu-\e  upon  a  ilial  for  the  latitude 
of  66  30' ;  and  the  a<.h  aulaget.  oi  the  present  system  of  investigation  cannot 
probably  be  better  shewn  than  by  a  com|)arison  with  that  (massage  *. 

**  D^ttis  llmpresmflii  ee  diapitrc  (that  on  Ae  AndenI  Diab),  pour 
mieux  ammUtre  la  figure  de  te»  Ugnes,  j'd  ealenl^  nn  cacban  pour  le 
eerck  polaun ;  j'en  ai  d^tennin^  toils  ks  paints  henitcs  poor  tott^ 
naisoiu  dedcg*^  en  diq(i^  et  mmeft  pour  qnslques  fiaetians  de  d^gv^  de 
8S*  i  as*  SS's  il  en  est  r£nilt^  que  lea  lignes  horaves  poor  eette  latitude 
ent  i  fivt  pen  prta  la  du  ngne  dlnt^mdon  f,  ci'esb^'dire  que  dans 
le  voifflo^  dn  solstice  d'hiver,  la  ligne  a  una  eoor bme  sensiMe ;  que  pen* 
dant  la  plus  grande  partie  de  Pann^  la  Bgne  est  sensiblcment  droite,  ct 
qu'eOe  aequiert  de  neufean  nne  omInii^  mais  mans  sensiMement  vets  le 

*  Tomo  ii^  at  the  end  of  tho  Table  of  ContenU- 
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solstice  d'ete.  Au  solstice  f^'Jiivcr  la  dui^c  dn  jonr  fst  0;  toules  les  iigQ6S 
horr?irpi?  doivcnt  done  si  ni:!l'nn(Jrp  nvoc  Li  nicii'liruiu'.  Aux  m^nrons  de 
ce  »ol»uce  licnios  I'nraiii  s  ^^ai  hi  voiisiiii--  qr.'il  l-sL  prc»qu~  iuijiusbible  de 
Ics  distinguci;,  t^ikclt^uu  giaudc  que  soit  I'Lvljtjlit  ;  en  sortc  qu'cn  cette  partic 
Ic  cadrun  est  aussi  inutile  que  difficile  a  tracer.  Au  solstice  d'(5te,  au  coo- 
tnii^  les  ligneuODt  plus  espacees  que  jamais,  parce  que  le  jour  otde  M 
lieitiai  6qiimoxid«%  qui  ftot  qod  18  heuiei  temporairat  La  eonititio- 
tian  at  doiDp.tidi^dk^  ftu  lieu  que  pour  Tliiver  le  meUlenr  parti  eit  de 
Mpprimerlajportioii  deoci  Ugnce  que  ne  pent      d'anouiw  u^td,** 


I  have  dmaoompleted  the  ftwt  part  of  my  plan,  that  of  laying 
down  the  mathematical  principles  of  the  hectemoria,  and  in^es- 
tigating  those  propertiea  of  the  cixnres  which  properly  belonged 
to  a  solution  of  the  general  problem.  Tliere  yet  remains  to  ap- 
ply these  principles  to  the  construction  of  the  several  parts  of 
pal  ticular  dials,  and  more  especially  to  examine  lliost  iciiKuua  of 
antiquity,  in  which  the  system  of  hour-hnes  either  is,  or  is  be- 
lieved to  be,  employetl.  These  and  some  collateral  ijitjuiriu* 
wiU  iurm  the  second  imil  ol  tljis  die>aci  liilioa. 
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On  a  New  Am^ns  qf  Solar  Lighi,  ia^SeaHng  Pnmary 
Gdountjwming  Camddent  S^xetn  ^ equal  length.  By  Dayib 
Brewster,  LL.D.  F.R^  Lond.  &  Ed. 


The  dfioompontioa  of  wMte  lif^t  by  priamatic  xefiraetkni,  as  t£- 
fected  by  Sir  Isaac  Newtov*  ba^  fiir  nune  than  a  biindied  and 
fifty  yeaia,  been  teeeived  as  a  demonstmtod  imfli  by  Hie  most 
distinguished  philosophers  of  all  nations.  Various  attempts  in- 
deed have  been  made,  both  in  his  day  and  in  onn^  to  over- 
turn beautiful  generalization,  but  they  have  been  made  by 
persons  not  only  ignorant  of  the  subject,  but  unacquainted  with 
the  first  principles  of  physical  rc«5earch. 

The  analysis  of  hght  by  the  prism  is  perfect,  in  so  far  as  it 
goes,  and  w-ds  demonstrated  by  Newton  in  the  case  of  sp(  -  tra 
produced  by  the  single  refracting  medium  which  he  employed. 
It  was  left,  indeed,  to  his  successors  to  discover  the  different  dis- 
penive  powers  bodkflb  and  die  iimtionaHty  of  die  eo^Mued 
qMHse%  and  thus  to  establish  the  pdneiples  of  the  AdmNuatic 
md  the  AfJanatic  Telescopes.  These  discoveries  piesented  no 
poonts  of  objection  to  the  views  of  Newtov.  Th^  were  entirely 
of  a  supplementary  character,  and  weie  calculated  to  establish 
more  finnly  his  general  doctrine  respecting  the  oomposition  of 
light 

In  submitting  to  the  scientific  \vorld  a  new  analysis  of  light, 
I  am  fully  aware  of  the  difficulties  which  I  have  to  encounter. 


1S4      D&  Bbewstek  on  a  New  Amlyshs  qf  Solar  Light, 

Bven  in  phyucal  science  it  is  an  arduous  task  to  unsettile  long 
establiehed  and  deeply-rooted  opinions,  and  that  task  becomes 
HeKolesnwheri  these  opinions  are  entrenched  in  national  feeUng 
nnd  associated  with  immort.?!  names.  There  are  rases  indeed, 
where  the  simple  exhiliition  of  new  truths  is  sufficient  to  dis|iel 
errors  the  most  deeply  cherished,  and  the  most  venerable  from 
their  antiquity  ;  but  it  is  otherwise  with  doctriiict,  which  dejjend 
on  a  chain  oi  reasoning  where  every  step  in  the  inductive  pro- 
eem  ia  not  ngproudy  demonatiBtiTe ;  aiul  of  this  we  leqiuve  no 
oUier  proof  than  is  to  be  found  in  the  histiny  of  Newtow's 
optical  dieeoTaiefl^  and  particularly  in  the  opposition  which  ihqr 
experienced  &om  such  distinguished  men  as  Dr  Hooxk  and  Mr 

HUTOEHS. 

In  the  investigations  which  I  am  ahout  to  explain,  the  instra^ 
ment  onployed  is  the  absorbent  action  which  different  bodies  ex- 
CQNoae  on  different  rays  of  white  light.  This  principle,  which 
science  had  hitherto  scarcely  recognised,  was  brought  into  no- 
tice by  the  recent  discoveries  respecting  polarization  and  double 
refraction,  and  was,  I  believe,  first  employed  as  an  instrument  of 
analysis,  ui  a  paper  printed  in  the  Transactions  of  this  Society  *. 
In  the  experiments  there  described,  I  exaniijied  Dr  Wollas- 
TON  s  spectrum  of  four  colours,  viz.  red,  greetiy  blue,  and  violett 
by  means  of  a  purpiisb-bhie  glass.  This  glass  absorbed  the  blue 
rays,  which,  when  misced  wifJi  tin  yesBbw*  made  green,  and  the 
yeUow  raya^  which,  when  mixed  wiih  iSba  red,  made  orange;  and 
by  insulating  the  jfdhio  and  red,  it  thus  elfeeted  a  perfect  ana- 
lyse of  the  eon^immd  green  and  the  eoaqmmd  orange.  From 
this  experiment  I  dxew  theconchision  that  yeOowhf^t  has  m  in- 


•  Description  of  a  Monochromatic  Lamp  for  Microecopicnl  j  i*^ poses,  with  re- 
market nn  the  absorption  of  the  priamadc  by  Coloured  Media.  Bead  Apiil 
16th  18S3.   Vol  IX.  p.  433. 
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depoideiit  esistetice  <»  lAe  ^peefrum ;  and  the  pritm  ii  inoi- 
pable  cfdeeomposing  that  part  vf  the  tpet^nm  (of  four  ookniTs). 
vidcb  if  oeet^NiBf.  Thk  imeqiuTocal  fesuH  of  a  simple  eacpO' 
riment  at  once  saps  the  finiiidatian  of  the  prismatic  analysis  of 
H^t.  Sir  Isaac  Newtov,  resting  on  the  indications  of  the 
prisiBt  ooncliided  that  green  and  wunge  were  simple  colocun,  and 
in  general,  "  that  to  the  same  degree  of  refrangibility  ever  be- 
longtKl  the  same  colour,  itkI  to  the  same  colour  ever  belonged 
the  same  dejii-ee  of  refrangibility  ;"  but  it  is  now  obvious  that 
certain  blue  and  i/e/low  rays,  and  certain  red  and  ycUov;  rays,  have 
the  very  same  refrangibility,  so  that,  in  the  same  medium,  rcfrau- 
gibility  is  not  a  test  of  colour,  nor  colour  a  test  of  retrangibility. 

These  views  were  oonfinned  by  cxp^ments  made  by  Mr 
Hebschei.,  and  printed  in  the  same  volume  of  flie  TsansiMstions ; 
but»  in  vefeiring  to  them  fire  years  afterwaids,  in  his  Tzeatise  on 
light,  he  regarded  them  as  Hable  to  formidable  ot^jeclions. 
**  Tliis  ides,**  says  he  (the  inability  of  the  pvism  to  analyse  light), 
has  been  adTOCated  by  Dr  Brewster,  in  a  paper  published  in 
the  Edinbm^  PhUosophiml  Transactions,  VoL  XL,  and  the  same 
conclusion  appears  to  follow  from  other  experiments  published 
in  the  same  volume  of  that  collection.  According  to  this  doc- 
trine, the  sj)ectrum  would  consist  of  at  least  thrw  distinct  spec- 
tra of  different  colours,  red,  yeUow,  and  blue,  overlapping  each 
other,  and  each  havinfi  a  maxinnira  of  intensity  at  those  points 
where  the  comjiound  spectrum  has  the  strongest  and  brightest 
tint  of  that  colour.  It  must  be  confessed,  however,  that  this  doe- 
trine  is  not  without  its  objections ;  one  of  the  most  formidable 
of  which  may  be  drawn  ftom  the  curious  aflfection  of  viaon  ooc»> 
s&wially  (and  not  veiy  rarely)  met  irith  in'certain  individuals  who 
distinguish  only  two  oohniirs  which,  (when  carefully  questiaiied 
and  ^^aMiiMMi,  hy  presenting  to  fhem,  not  the  ordinary  compound 
ootDots  of  painten,  but  optical  tints  of  known  .composition),  are 
generally  found  to  he  fftUow  and 
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To  these  remarks  Mr  IIerschel  has  added  an  illustrative 
figure  of  the  spectrum,  in  which  it  is  made  to  consbt  of  four  co- 
lours, rerf,  yellow,  bliie,  and  violet ;  the  red  extending  to  the  mid- 
dle of  the  yellow,  the  yellow  beginning  at  the  extremity  of  the 
orange  and  terminating  at  the  indigo,  the  blue  beginning  at  the 
middle  of  the  yellow,  and  terminating  at  the  end  of  the  violet, 
and  the  violet  beginning  at  the  indigo,  and  terminating  at  the 
extremity  of  the  spectrum. 

I  have  not  been  able  to  discover  what  the  general  objections 
are  which  Mr  Herscuel  refers  to  in  the  preceding  passage ;  but 
the  formidable  one  which  he  distinctly  specifies  will  be  found  to 
have  no  weight.  An  obscure  physiological  fact  occurring  in  one 
eye  out  of  a  million,  could  not,  on  any  principle,  affect  the  result 
of  a  legitimate  induction ;  but  even  if  we  invest  it  with  the  cha- 
racter of  a  general  fact,  it  will  be  found  to  be  a  direct  argument 
in  support  of  the  very  views  which  it  was  supposed  to  contradict 

These  views,  or  the  analysis  of  the  spectrum  to  which  thejr 
lead,  may  be  expressed  in  the  following  propositions  : 

1.  White  light  consists  of  three  simple  colours,  red^  yellow, 
and  bltiCj  by  the  mixture  of  which  all  other  colours  are  formed. 

2.  The  solar  spectrum,  whether  formed  by  prisms  of  trans- 
parent bodies,  or  by  grooves  in  metallic  and  transparent  surfaces, 
consists  of  three  spectra  of  equal  length,  beginning  and  terminating 
at  the  same  points,  viz.  a  red  spectrum,  a  yellow  spectrum,  and  a 
blue  spectrum. 

3.  All  the  colours  in  the  solar  spectrum  are  com/xwnrf  colours, 
each  of  them  consisting  of  red,  yelidw,  and  blue  light  in  difPerent 
proportions. 

4.  A  certain  quantity  of  white  light,  incapable  of  being  de- 
composed by  the  prism,  in  consequence  of  all  its  component  rays 
having  the  same  refrangibility,  exists  at  every  point  of  the  spec- 
trum,  and  may,  at  some  points,  be  exhibited  in  an  insulated 
state. 
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yhb  mMitaJblfe  iiimetiiie,of  tiie  BjiCBtniBn  mH  be  better  nn- 
dnitood  fiom  Plate  JC^  wham  Figi.  1,  S»  and  fl^  zepfesent  the 
llnce  aaparaiie  apecsliat  whudi  aie  ahewn  ib  Ibeir  oomfaiiied  atate 
IB  Fig.  4. 

aU  ilieae  figum  the  point  M  ooneqxMida 
leagt  T^fitmtfpik  extremity  of  the  tpectrum,  and  N  with  the 

vioiet,  or  most  r^rangibte  extremity ;  and  the  ordiEStes  a^r,  &r, 
ejCy  of  the  difierent  curves  MRN,  MYN,  MBN,  represent  the 
intensity  of  the  red,  yeUmOf  and  bkut  lay  at  any  point  w  of  the 
spectrum. 

If  the  distance  M  r  in  all  these  spectra  be  equal,  then*  in  Uie 
combination  of  them  slu  in  Fig.  4.,  tiie  ordinate's  or,  A-af,  CcT, 
will  indicate  the  nature  and  intensity  of  the  colour  at  any  point 
d?  of  the  red  spectrum.    Thus,  let 

..  i:   •  ■■      ..  . 

The  oanlinate  ifor  reirf^igbt  <w  =r  90 

a  ^  +  ^  f  +  c  «  =  48  raya^ 

then  the  point  a-  will  be  iUuminaied  with  48  rays  of  light,  viz. 
30  of  red,  16  of  yellow,  and    of  blue  light. 

Now,  as  there  must  be  certain  quantities  of  red  and  yellow 
light,  ubidi  inll  form  whit^  when  combined  with  S  bine  rays, 
l^t  ]ua  anume  these^  and  suppose  that  white  lights  whose  inten- 
sity ia  10^  will  be  fiimied  I7  S  red,  5  yeDow,  and  2  blue  rays ; 
hmice  it  follows  that  the  pimit  a  is  iUuminated  by 

« 

Red  rayi^      -      -  £7 

Yellow  rays,  -      •  11 

White  lii^  -      -  10 


48  rays, 
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or  wbat  ia  the  same  thing,  the  light  at  x  will  be  om»i^  venderad 
liri|^ter  by  a  mixtuie  of  white  Ught.  The  two  blue  rays,  therfr> 
ibtCb  which  enter  into  the  composition  of  the  light  at  «^  will  not 
communicate  any  blue  tinge  to  the  prevailing  colour. 

If  tlif  point  r  is  taken  nearer  M,  and  if,  at  that  point,  the 
blue  rays  are  more  numerous  in  proportion  to  the  yellom  than 
2  to  5,  that  is,  if  they  are  as  .'J  to  5,  then  there  will  be  1  blue 
ray  more  than  what  is  nceessary  to  make  white  light  with  the 
2  yellow  and  the  3  red  rays,  and  this  blue  ray  will  give  a  blue 
tinge  to  that  part  of  the  spectrum,  or  will  modify  the  peculiar 
colour  of  pure  red  li^t  In  like  manner,  the  bine  extvenutj  of 
the  spectram  may  bare  its  peculiar  colour  modified  fay  an  eioen  of 
red  rays  ao  as  to  couTert  it  into  viokt  light.  In  this  mannear  the 
tinge  of  red  U^t  at  the  blue  extremity  of  fJie  apectnun,  and  of 
blue  light  at  the  red  extremity,  may  be  exphdned,  even  if  the 
least  refrangible  branch  BM  <^  the  bluecmnre  ia  every  where 
within  the  least  refran^ble  branch  YM  of  the  yellow  our^  and 
the  most  reficanig^ble  braneh  RN  of  the  red  curve  every  wheze 
wthin  the  most  refrangible  branch  "^'N  of  the  yellow  curve.  On, 
this  supposition  the  excess  of  blue  light  over  the  yellow  will  be- 
gin to  modify  the  red  space  at  that  point  where  the  ortlinatcs  c.f, 
bxt  are  in  the  ratio  of  2  to  5  ;  the  ratio  iu  wliich  thev  exist  in 
white  light,  and  the  excess  of  red  light  over  the  yellow  will  be- 
gin tomodiiy  the  blue  space  at  tliat  point  where  theordihates  of 
the  most  refrangible  red  and  most  refrangible  yellow  branch  are 
aa  S  to  5,  the  ratio  in  whidi  the  corresponding  rays  exist  in  white 
light  But  it  is  not  improbable  lliat  the  bine  brandi  BM  may 
actually  eroaa  die  yellow  biandi  YM  at  some  point  m,  as  ahewn 
in  Fig  5 ;  and  the  red  biandi  RN  the  yellow  bcanch  YN,  bo 
that  the  blue  ordinates  in  the  one  case,  and  the  red  ordinatea 
in  the  other,  will  exceed  the  yellow  ordinates  at  every  point 
beyond  the  points  of  intersection  in  and  n.    If  this  shoidd  prove 
to  be  true^  it  followB,  that,  at  and  beyond  n,  the  red  ahoold,  aa  it 
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were,  reappear,  and  by  its  prt  tloTninance  convert  the  extreme  Uue 
sjrace  between  n  and  N  into  Vutlet. 

^  In  every  part  of  a  six;ctrum  thus  composed,  there  necessarily 
taatk  tluree  diflferent  ooloun,  which  form  a  compound  tint  by 
Mijltli  i-  und  as  thethree  diflbrentfy  odbittied  nyi  have^  at 
iM:ery  poi]ilb:lAe  nme  xefirangibility;  it  is  impoafaibil^  to  aepante 
illiiiy^cn'^'itei^^^tlie  oonpound  tint  by  pnsiniitic  refinctuni. 
By  liMteiittSBglfae'coinpouhd  tint,  bowever,  thzoii§^  tranqmnt 
Irtftfc^.ftri^  which  ahaorb  <^  iar  BHue  tSiStm  aunple  zay%  and 
IjWlll^g  tiieieat  to  piiai,  we  may  exhibit  one  or  more  of  thetays 
jtefiaiftttely,  or  obtain  a  residiiaL  colour,  which  indicates  the  pre- 
sence of  rays  whoee  exbtence  cannot  be  inferred  from  the  origi- 
WA  oolour  of  the  compound  tint.  If,  for  example,  we  transmit 
compound  ray  at  .r,  Fig.  4,  through  an  absorbing  medium, 
which  detains  27  red  rays,  we  shall  obtain  a  transmitted  tint 
with  11  yellow  rays  and  10  of  white  light,  or  a  brilliant  yellow; 
and  if  we  again  transmit  this  light  through  anotlier  medium 
which  absorbs  1 1  yellow  rays,  we  shall  have  a  pure  white  light, 
comjwsed  of  3  red,  5  yellow,  and  2  blue  rays.  Tliis  white  Hght 
will  exhibit  the  singular  property  of  homogeneous  light,  namely 
|klM#iiejiig  liideooanposable  fay  tiie  prism,  and  of  bang  pre-emi^ 
iBifi^Ndaptedfiv  the  nioeat  purposes  of  vision.  Theexiateneeof 
igiHPit  btta  never  even  been  omjectmed,  and  its  insulatioii  at 
ai^  pb^t  ihe  spectrum  becomes  aproof  of  the  enstenoe^  at 
that  pomt,  of  red,  ydUow,  and  blue  rays  of  equal  reftangibility. 

Having  thus  given  a  general  view  of  the  structure  whidi  I 
hlfMI  Ibund  in  the  spectrum,  I  shall  now  proceed  to  state  the  ex- 
perimental evidence  from  which  it  has  been  deduced. 

From  the  sim])le  inspec  tion  of  the  coloured  spaces,  it  is  ol>- 
vious  that  red  light  exists  in  tlic  m/,  orange^  and  violet  di\  isions 
of  the  spectrum  ;  but,  according  to  Fkauniiofer's  measurements, 
these  three  spaces  occupy  190  parts  when  tlie  whole  length  of 
the  spectrum  is  d60 ;  hence  red  rays  are  observed  in  more  than  one 
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half  of  the  whole  spectrum.  If  we  examine  the  blue  and  indigo 
spaces  tlirough  certain  yellow  fluids,  such  as  oU  qfdives^  &c.  th^ 
acquire  a  distanetv^afe^tint,  m  tlttt  Hwae  fluids  must  have  absorbed 
some  rays  wUdi  had  neotraUaed  ov  masked  Ihe  led.  This  violet 
tint  is  sfilliiMive  distinct  k^kh  the  qpectnun  is  esansiiied  iSsBtm^ 
ft  pale  red  glasi,  which  cxeidses  a  pomfiil  action  vpon  the  zagra 
between  h  and  F  in  FnADMHorak's  diagE«ni»  eonafained  wilh  « 
Teiy  pale  yellow  ^ass.  In  tins  case  the  violet  extends  to  F  nearly 
at  the  limits  of  the  blue  space.  The  oonTenion  of  the  whole  of 
the  blue  and  violet  space  into  violet,  or  what  is  the  same  thin|^ 
the  existence  of  red  light  in  these  spaces,  may  be  exhibited  in  a 
very  palpabk  manner  by  the  absorptive  action  of  the  yellow  juice 
of  the  Cormpsis  tinctoria^  when  it  has  been  rendered  a  bright 
orange  red  by  carbonate  of  soda,  and  is  used  in  a  state  of  consider- 
able dilution.  Red  hght  therefore  exists  in  the  blue  and  indigo 
spaces ;  and,  as  I  shall  afterwards  shew  that  wliite  hght,  which 
necessarily  includes  red,  may  be  insulated  both  in  the  green  and 
yellow  space:*,  it  follows  that  red  li*$ht  exists  in  all  the  seven 
coloured  spaces  into  vduch  the  spectrum  is  divided.  , 

FdSlw  light  is  distinctly  recognised  by  the  eye  in  file  onni^ 
yeSmot  mAgrtentBgnoet  whidi  occupy  77  parts  of  the  spieotnim, 
whose  length  is  860.  When  the  spectrum  is  extanDM^Afa  s 
deep  Uue  |^88»  the  green  li^t  is  distmctily  seen  at  F»  we  of 
FBAUVHOPaii's  lines ;  and  as  a  green  transparent  wafer  of  geift* 
tine  prodnces  a  whitish  band  beyond  F,  and  in  the  blue  spao^  it 
is  dear  that  a  certain  portion  of  yellow  light  must  exist  there. 
Wie  have  already  seen  that  the  action  of  oU  of  olives  on  the  blue 
and  indigo  spac«?  absorbs  cert<\in  rays  and  leaves  a  violet  tinge. 
These  rays  cannot  be  red,  and  tliey  are  not  blue,  because  blue 
taken  from  blue  would  not  leave  violet  Tliey  must,  therefore^ 
be  a  smaU  portion  of  yellow  rays,  which,  fonning  white  with  the 
red,  and  a  portion  of  the  blue,  had  the  effect  of  diluting  the  pre- 
dominant blue  light.    The  existence  of  both  yellow  and  red  rays  • 
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kk'lht  Use Mdlndigo  spaces,  may  be infianed  ttim  anodier  at- 
peamank  Wben  we  tnuonnit  ihe  qpeotnim  throngli  a  certaiD 
thidnMWB  of  a  Uue  Mdutioii  of  the  amipanio-wilphate  of  copper, 
iSatb  Une  and  indigo  Bpaces  appear  to  be  mudi  dilated  with  white 
l^^  that  is,  the  blue  appears  to  be  mixed  with  red  and  yc]low. 
)ttw^if>this  apparently  diluted  blue  light  is  a  pure  homogeneous 
Idl^  containing  neither  red  nor  yellow  rays,  it  would  sufier  no 
mite  diminution  in  passing  through  an  additional  ♦ViiAlmp—  of 
the  ammonio-sulphate,  than  white  light  would  do  in  passing 
through  the  same  thickness  of  pure  crystal  or  pure  water,  that 
iiB,  it  would'  su tier  no  perceptible  change.  But,  in  passing  through 
the  copper  solution,  the  blue  becomes  rapidly  deeper  and  less 
white,  which  ani  arise  only  from  its  absorbing  tiie  red  and  yel- 
low ray^  which  cause  its  apparent  whiteness.  In  order  to  ap- 
IMhfliid  tibe  finep  of  this  argameiiti  we  mint  ooneider,  that  though 
^jbA  red  or  a  dark  blue  flnid  afvpeais  oonddecably  opaqu^  aa 
tii^  are  in  refetenoe  to  white  li|^t,  of  which  the  one  absorte  all 
th^  iscyft  but  the  red,  and  the  other  all  but  the  blue,  yet,  in  re- 
ference to  red  and  blue  light,  which  each  of  them.fieely  transmitst 
ibej  may  be  raided  as  perfectly  transparent  Nothing  is  more 
ftimarkable  to  those  who  first  make  the  experiment,  than  thein^ 
perc^tible  diminution  of  intensity  which  a  heam  of  homof^eneous 
red  light  experiences  in  passing  through  a  great  thickness  of  a 
red  iiuid,  particularly  when  the  original  red  beam  is  produced  by 
transmission  through  the  same  red  fluid.  It  is  owing  to  this  cause 
that  the  colour  of  a  wine  glass,  full  of  port  wine,  is  nearly  as  deep 
as  tiiat  of  the  wine  in  the  tliickest  part  of  a  wine  decanter. 
..  That  ^Ibw  li^t  eidstB  in  every  part  of  the  red  space,  may 
41^  {iroyed  by  numerooa  eiqieriments.  By  using  a  prism  of  povt 
wine  of  90^,  or  by  viewing  the  speetnim  thxou^  certain  thick- 
nesses cf  balsam  of  sulphur,  balsam  of  Peru,  pitdi,  or  red  mica*' 
^eflbwli^t  can  be  seen  directly  at  the  line  nniiced  C  of  Fbaov- 
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HorxE,  which  is  tu  mthm  the  redspace ;  and,  by  the  dhmrptive 
action  of  these  fbur  last  substances,  the  whole  of  the  red  space 
has  a  yefiicwwA  tin^  arisiiig  ffom  the  absoiptioii  of  blue  hg^it. 
The  very  same  eflfect  is  produced,  bat  in  a  more  striking  ]nanBer» 
fay  transmitting  the  lif^t  of  the  red  space  through  certain  yellow, 
orange^  and  green  transparent  wafers,  all  of  which  absorb  some  blue 
light,  and  leave  the  whole  of  the  red  space  of  an  onmgf  tint, 
that  is,  containinpf  yellow  light.  In  support  of  the  opinion  that 
there  arc  yellow  rays  in  every  part  of  the  red  ^mcl&,  I  may  adduce 
a  casual  experiment  of  Sir  W.  Hkrschel's,  when  he  had  occasion 
to  view  the  prismatic  spectrum  reflected  from  clear  turned  brass. 
"  The  colour  of  the  brass,"  says  be,  "  makes  the  red  rnt/s  apftear 
like  orange,  and  the  orange  colour  is  likewise  diticrent  irom  u  hat 
it  ought  to  be  Fr^m  these  observations  it  follows,  that  yellow 
light  may  be  traoed  through  all  the  coloured  spaces  except  the 
violet,  where  I  have  not  yet  been  aUe  to  find  it;  but  this  is  not 
surpriring  when  we  otmirider  the  great  fsuitness  of  the  violet  rays, 
and  the  iidlity  with  which  they  are  absorbed  by  media  of  almost 
all  colours.  Even  the  deep  blue  ammonio4Bidphate  absovbs  al- 
most the  whole  of  the  violet  space,  and  tlie  smalt  blue  gla^  nearly 
one  half  of  it,  so  that  it  is  extremely  difficult  to  subject  it  to  the 
partial  action  of  absor!>ent  mcflia.  v*  '.  i 

It  is  obvious,  evrn  to  tlie  eye,  that  blue  \\^\\  exists  in  the 
violet,  indigo,  blue,  and  green  spaces,  which  otcuiiv  '-.'47  parts 
out  ot  :i()0,  or  more  than  two-thirds  of  the  whole  spectrum. 
When  the  most  reliaiigihle  rays  are  absorbed  by  certain  tliick- 
^  nesses  of  balsam  of  sulphur,  balsam  of  Peru,  pitch,  or  red  mica, 
the  blue  mixed  with  yellow,  and  fiwming  green,  may  be  traced 
very  near  the  line  C  of  Fhaunhofbb,  which  is  eonsidetably  within 


•  rbOdHfAioa  TMtWMtkais,  IflOO,  vd.  xc.  p.  SS5. 
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the  red  space.  Hut  the  blue  extends  over  the  whole  red  space 
is  popoved  by  the  itune  aignnMiits  which  ire  used  fer  'yeUow  light ; 
finririieiilheiedflpaoeismadeofaiionnge  tinge  bytheahsdvp- 
tivB  adum  of  oeftainydloir,  <»ange^  ai^ 
can  be  eibcted  onfy  by  tiie  abfloiptiaii  of  blue  Hg^t. 

Having  ihoa  pcoved  that  red,  yellmc,  and  blue  light  exiat  in 
abnoafc  ereiy  part  of  the  spectrum,  I  shall  proceed  to  oonobciate 
these  views  by  shewing  that  white  light  may  be  actually  in- 
sulated in  different  parts  of  it 

When  we  look  at  the  spectrum  through  a  particular  blue  glass 
of  a  certain  thickness,  we  insulate  the  yellow  space,  the  colour 
of  which  is  ;i  r!<  h  ^  iniho-^'e-yenow.  By  increasing  the  thickness 
of  the  glasH,  this  compound  yellow  acquires  the  pale  straw-yel- 
low colour  of  the  yellow  luonochromatic  flame  produced  by  the 
combustion  of  alcohol  and  water,  or  of  an  aicohohc  solution  of 
salt.  At  a  still  greater  thickness  of  the  glass  we  produce  a 
greadsh-4okite  band,  which,  by  changing  the  glass  fixr  a  difetent 
blue^  becomes  a  reekUA^white  band.  If  we  now  mix  a  solution 
of  sulphate  of  copper,  which  acta  upon  the  laya  en  the  red  aide 
of  the  yellow  spaoe^  with  diluted  red  ink,  whidla  acta  on  the  rays 
on  the  Mie  side  of  the  same  i^aoi^  we  duJl  reduce  the  raya  in  the 
yellow  space  to  nearly  white  light,  with  a  sli^t  tinge  of  green, 
when  there  is  too  much  sulphate  of  copper,  and  a  slight  tinge 
of  red  when  tliero  is  too  much  red  ink.  This  insulation  of 
white  hght  may  be  pretty  well  effected  T>y  some  of  the  smalt 
blue  glasses  acting  alone ;  and  in  some  cases  tlie  purity  of  the 
light  may  be  iiu  i  c  ^ist  d  by  a  solution  of  attljihate  of  copper  and 
iron,  or  even  by  a  green  glass.  The  yellowish-green  juices  ob- 
tained from  the  green  leavea  of  plants^  and  like«^  some  of  the 
Mae  juices,  siidk  aa  that  of  the  fahdk  currant,  will  be  found  use- 
fid  in  r^nderiaig  whiter  this  lununoua  band  when  produced  by 
blue  ^aaa.  The  white  li|^t  thus  exliihited  may  be  rendeied 
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yelhw  by  niMS  of  a  felbw  tranqNireiit  mfer,  wliidi  abaorlM 
flome  of  its  Hue  mjs,  and  gmn  by  a  grem  tnmqwyreat  mfov 
ivliidi  abmbs  some  of  its  fed  nys. 

Ffom  iliese  eaiperimeiito  it  felkuw^fliattriKtejfe^^compotcd 
of  f«d^  jneflbw^  and  Mm  lay^  exists  in  the  most  luminous  part  of 
the  spectrum,  on  the  most  refrangible  side  of  the  line  D,  and 
may  be  insulated  by  absorfaing  the  excess  of  yellow  U^t^  and  of 
any  of  the  other  colours  above  what  is  necessary  to  compose  white 
hght.  In  applying  a  liiphly  dispersing  prism,  it  was  a  singular 
and  peculiarly  interesting  sight  to  witness,  for  the  first  time,  a 
btMiu  of  white  light,  consisting  of  red,  yelUno,  and  blue  rays  of 
equal  refirangibility,  and  incapable  of  being  analyzed  by  prismatic 
refraction. 

The  pieoeding  obsenratioDS  oontaln  only  a  few  out  of  a  great 
number  of  esqperiments  wbidi  I  have  made  onthe  abiocpliTe  ac- 
tion of  natuniland  aitificialeiiyBtals^  and  of  Taiioiis  fluids  and  un- 
oyBtalliaed  solids  iriiidi  possess  eitiier  a  natuzal  or  an  artificial 
ooiour.  I  made  a  few  esqperimenis  with  the  eohnned  juices  of 
sevcial  hot-house  planti^  which  Mr  Foasss  uras  so  good  is  to  pre- 
pare for  me ;  and  I  eipected,  in  the  course  of  the  summer,  to 
obtain  by  this  means,  a  more  striking  insulation  of  some  of  the 
simple  colours,  than  I  had  effected  by  the  substances  within  my 
reach.  Impatient,  however,  of  so  long  a  delay,  I  thought  of  sup- 
plying the  place  of  thetse  absorbing  tiuids  by  loniiini;  the  spec- 
trum out  of  common  or  polarized  light,  which  had  undergone 
the  periodical  action  of  thin  plates  in  crystallized  lamin«e,  or, 
what  is  the  same  thing,  by  examining  the  spectrum  through  such 
films  and  hmiinse  whidh  have  the  property  of  tnusftniqg  to  the 
reflected  pendl  certain  alternate  portions  of  the  spectrum,  whfle 
aU  the  intermediate  portions  appear  in  the  transmitted  ngrs.  By 
this  means  I  was  enaUed  to  divide  the  spectrum  into  any  num* 
her  of  stripesb  altematdy  ohseuie  and  coloured,  so  that  eadi  of 
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Uie  coloured  portions  could  be  separately  submitted  to  tlie  action 
ci  tlbeoib&it  media. 

In  itB  pnetiod  upgSal&aDa,  thu  new  principle  eMcedod  my 
mort  sanguine  expectetionfli  andhas  fiimished  me  with  the  means, 
not  only  «f  analynng  the  eokun  of  natural  bodies*  but  of  detetr- 
mining  tlie  causes  from  winch  fliese  ooloiin  originate.  An  ao- 
eount  of  theses  and  of  other  appUcations  of  it,  will  finrn  the  sob- 
jeet  of  sqwiate  communications,  and  I  shall  confine  mysdf  at 
present  to  the  single  ob8ervation>  that,  in  applying  this  method 
of  absorption  to  the  decomposition  of  the  solar  rays,  I  have  been 
able  to  insulate  white  light,  both  in  the  orange  and  in  the  grew 
space,  and  thus  obtain  the  most  ample  proof  of  the  pecuUar  aim- 
lysis  of  white  light  which  it  has  been  the  object  of  this  paper  to 
establish. 

By  means  of  this  analysis  we  are  now  able  to  explain  the  phe- 
nomena observed  by  those  who  are  insensible  to  particular  colours. 
Hie  eyes  <^  such  persons  are  blind  to  red  Ught ;  and  when  we 
abstract  all  the  red  rays  from  a  spectmm  constituted  as  above 
described,  there  will  be  left  two  colours,  Mte  and  jieUlHS^  (lie  only 
colours  ' wlticl^are  recognised  by  those  who  have  this  defect 
of  vision.  TcAuidi  eyes  H^t  is  always  seen  In  the  red  ^ao^  but 
this  arises  from  the  eye  being  sensible  to  the  gdkno  and  Um  rays 
wluch  are  mixed  with  the  red  light 

Hence  blue  light  will  be  seen  in  the  place  of  the  vkki,  and  a 
greenish-j/eZ/bfr  will  appear  in  the  orange  and  red  spaces,  or 
what  is  the  same  thing,  the  spwtrura  will  consist  only  of  the  yel- 
low and  the  blue  spectra  shewn  in  Fig«.  2  and  3.  The  physiolo- 
^cal  fact,  and  the  optical  principle,  are  therefore  in  porfect  ac- 
cordance ;  and  while  the  latter  gives  a  precise  explanation  of 
the  former,  the  former  yields  to  the  latter  a  new  and  an  unex- 
pected support. 

sS 
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EXPLANATION  OF  PLATE  II. 


Fig.  1.  Represents  die  Red  spectrum,  which  enters  into  the  composition  of  the  solar 
apectrum,  and  extends  along  the  whole  of  it.   The  luaximum  inteiudty  i» 
-  oppotite  R. 

Fig.  2.  Aepreseots  the  Yelloto  spectrum  of  the  same  length.    Its  maximum  intensity 
i«  o{rpodte  Y. 

Fig.  8.  Represents  the  Bhu  qicctrum  of  the  some  length.   Its  maximiim  inteiisitjr 
is  opposite  B. 

Fig,  4.  Rcpre8ent<!  the  Soiar  spectrum,  funned  bjr  the  unioDy  or  wipeipodtkiii,  of 
the  three  preceding  figure& 

This  Sgutv  i«  intended  moAj  for  fllustimtion^  and  not  as  an  aocttratt 
fietuie  of  lint  nlar  gpectrum.    The  proportion  of  the  coloured  qiaces  is, 

however,  very  nearly  that  which  Fbaokiioff.r  detennintHl  by  examina- 
tion througli  a  telescope.  The  fixed  liuc»  discovered  by  llii^  ciitiiictii 
plulDM)|llieF  are  omitted. 

Fig.  5.  Diflers  from  Fig.  4  only  in  the  relative  forms  of  the  three  curves  H,  Y,  and 
B,  whose  ordinates  are  auppoaed  to  repivsent  the  intensity  ivf  li^t  at  diH 
ferent  jwints  of  each  of  the  three  siinpU-  sjn  c  tra.  Tlu  ir  form  la  entwdy 
empirical,  though  it  canivt  Ivc  vt-ry  difl'crLiit  from  thu  truth.  Frauvhoffr 
has  determined  from  oboervuUuii  the  general  curve  of  illumination  £ar  the 
*  wiiok lolari^wetxaaiii  andthoui^ tfaan ianoniediodof iktenniningtiie 
ratio  of  the  three  ordinate^  ag,  ej%  Fig.  4l  at  any  point  of  the  qaeo- 
tnim,  yet  the  sum  of  thc^to  ortlinntc*,  ar  +  fi.r  -f-  r  >■,  !>in>t  ahvavsbc  tt]ual 
to  tlie  ordinate  of  tlie  general  curve  at  the  same  point     as  deterraiued  by 
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Nethe  reigardiaff  wm  ExperwmU  on     FiftralMn  Healed 
Metals.  By  Axtbvk  Treveltak. 


(Rtad  m  JoMMiy  owl  ftUt  M«nk  \9SL) 

In  the  month  6S  Febmaiy  1829^  I  duooreced  aeddentatty  that 
a  bar  of  m/Ot  ^*hen  heated  and  placed  iriih  one  end  on  a  solid 
block  of  lead,  in  cooling  vibrated  eonndenbly,  and  piodiioed 
sounds  similar  to  those  of  an  iEdian  haipw 

1.  I  have  lately  made  further  experiments  with  bars  of  cop- 
per, zinc,  brass,  and  bell-metal,  which,  when  heated  and  placed 
on  blocks  of  lead,  tin^  or  pewt^,  produce  the  same  efifect  as  the 
iron. 

2.  Tlie  bars  I  generally  used  in  makuig  the  experiment^ 
were  4  inches  long,  l^^  inch  wide,  and  1^  inch  thick,  with  a  rod 
7  inches  long  attaclkcd  to  one  end,  to  serve  asi  a  liaudle.  A  ridge 
is  formed  along  the  centre  of  one  side  of  the  bcoed  part,  by  its 
being  bevelled  off  towBidi  each  edge;  the  odier  side  is  flat.  The 
lonptudinal  lidge  is  the  part  that  rests  on  the  block, 

8.  A  notdi  in  the  lead  block,  or  a  groove  made  aloiig  the  lidge 
whidi  nma  up  the  centre  of  the  bar  on  the  part  where  it  rests 
on  the  block,  increases  the  sounds. 

4.  The  notes  on  two  bars  that  I  have  tried,  of  different  sizes, 
at  diflEeraat  temperatures,  are  in  the  key  of  E  major,  with  &ur 
sharps,  commencing  fref|iieTitly  with  1^  natural  in  the  bass. 

Ti.  Tf  the  vibrating  bar  be  placed  on  a  piano-forte,  and  certain 
notes  be  struck  on  the  instrument,  the  vibration  of  the  bar,  and 
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oonseqiieiiliy  ihe  tone  pioduoedbj  it^  it  aUwed,  and  fometnnes 

ccflscs  altogB&iet* 

6.  A  common  pok«r»  heated  md  placed  on  a  leed  block»  fi- 

faarates,  producing  deep  tones  also  in  the  key  of  E  major. 

7  Rv  Iwlaiicinj?  the  bar  in  a  horizontal  position  on  a  narrow 
lead  block,  rounded  on  the  part  upon  which  the  bar  rests,  the  vi- 
bration  is  displayed  much  more  distinctly  ;  the  handle  of  the  bar 
moves  vertictdly,  and  tlu  part  resting  on  the  block  laterally  also. 

8.  A  rod  10  or  more  inches  long,  flattened  in  the  centre  to 
prevent  it  slipping,  mth  a  ball  at  each  end,  when  placed  across  a 
heated  inbrating  bar,  and  hicfeasing  the  motion,  lenden^  by  the 
length  of  its  anui^  the  hteial  morements  mueh  moie  oomincaona. 

9*  The  longer  the  rod  is,  the  slower  are  the  movementB  of 
the  healed  bar,  but  ita  owallationa  are  <o  much  the  greater. 

10.  A  thick  ring  of  <x>pper,  5  inches  in  diameter,  when  heat- 
edand  hung  on  alead  bar,  vibrates  badcwards  and  forwards  s  and 
niien  laid  on  a  narrow  block  of  lead,  upwards  and  downwards. 

1 1 .  The  heated  bars  vibrated  on  a  piece  of  thin  sheet  lead, 
either  placed  loosely  or  soldered  on  a  block  of  hard  metal,  and  on 
a  lead  block  burnished  with  gold-leaf. 

12.  The  vibration  continues  in  the  exhausted  receiver  of  an 
air-pump. 

IS.  The  brass  bar,  after  bemg  heated  in  boiling  water  vibra- 
ted when  plaeed  on  tiie  kad. 

14.  A  capper  bar  Tibrated  when  heated  and  placed  on  ejrlui- 
deis  of  biaflfl^  or  of  an  alloy  of  copper  widi  an  edge  iVth  cf  an 
inch  in  thickness;  also  on  the  bottom  of  a  copper  box  about  1^ 
inch  in  diameter,  and  slightly  capped  out,  leamiig  a  lidge  all 
round,  on  which  the  bar  rested. 

15.  The  same  effect  was  produced  on  the  Iwttom  of  a  glass 
tumbler,  but  these  effects  are  irequently  difficult  to  be  obtained. 

16.  The  bars  vibrate  best  when  placed  on  blocks  of  lead  with 
the  surfaces  somewhat  rough.  Both  metals  should  be  also  kept 
dean,  and  iree  from  oxidation,  wliich  impairs  the  vibration. 


Uiyiuzeo  by  Google 


17.  A  short  bar  of  heated  copper  was  placed  oh  an  iron  block 
rounded  on  the  sur&ce^  and  bemg  nicely  balanced  on  the  centre 
of  the  lounded  part,  showed  the  vertical  motion. 

18.  When  the  blocks  have  acqoired  neaily  the  same  tempe- 
latme  as  the  ban,  the  sound  and  motion  cease. 

19.  I  could  not  perceive  the  slightest  vibKation  when  the 
heated  bar  was  placed  on  a  small  block  of  platina. 

HO.  Vibration  is  prevented  by  rubbing  the  sur&oe  of  the  lead 
block  with  mercury,  oil,  plaster  of  Paris,  or  by  oil-gilding ;  and 
also  if  a  piece  of  thin  wxiting  paper  be  inteipoeed  between  the 
bar  and  the  block. 

£1.  Air  blown  with  a  pair  of  bellows  on  the  heated  bar  when 
vibrating,  does  not  affect  the  tremors. 

22.  By  means  oi  a  Irigorific  mixture,  1  cooled  the  lead  block 
to  8**  F.,  and  placed  on  it  a  brass  bar  at  the  temperature  oi  the 
air  m  the  room,  but  no  vibration  took  place. 

S8.  Ihavenot  observed  any  vibration  of  the  hentedban  wh«i 
kid  on  solid  Uocikib  either  xaai^  or  smooditof  oopper,  nnc^  anti> 
mony,  hrassy  maiUc^  plaster  of  Flsri^  or  day,  or  on  lead  with  a 

piece  of  dieet4ir8ss  soldeied  on  it^  althooglh  I  have  tried  bfiis  and 

blocks  of  different  sizes  and  shales. 

24.  Bars  made  of  pewter,  tin,  or  lead,  heat^  and  plaoed  on 
the  cool  blocks  of  either  the  soft  or  hard  metals  above  named,  do 

not  vibrate. 

45.  A  cool  bar  of  leadt  placed  on  a  heated  block  of  brass  or 
copper,  vibrates. 

36.  A  block  of  lead,  laid  on  the  flat  upper  bar  of  a  heated 
grate,  shows  the  ^dbrations,  accompanied  with  sound. 

S7*  The  heated  bar  was  placed  i^n  a  block  of  copper,  in 
wliidi  a  numiber  of  holeib  4^  of  an  indk  in  diameter,  and  ^th  of 
an  inch  deep^  were  diiUedt  but  no  vifaratioii  took  place. 

S8.  If  the  heated  bar  be  gromid  smooth  on  the  vesting  pari; 
and  the  IMic  of  lead  be  also  veiy  snufoth,  no  vibration  takes 
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89.  If  ajuod-metalbar  be  phoedon  a  thick  lead  i!jfiiider» 
or  on  a  lead  UocJc,  with  iJie  end  overiianging^  and  a  q^tJamp 
under  it,  it  soon  becomes  sufficiently  heated  to  produce  bodi 
vibration  and  sound,  which  I  have  kept  up  fiir  an  hour  and 

a  half. 

9.0.  The  shape  of  the  bars  uid  blocks  is  of  little  consequence, 
as  the  hard  metal  of  almoet  any  form  vibrates  when  heated  and 
placed  on  a  lead  block. 

31 .  If  thin  bars  of  metal  be  employed,  sound  is  often  produced 
though  the  tremors  arc  not  visible. 

From  the  above  related  experiments,  it  appears, — 
1«4  Hiat^  in  order  to  produce  the  Tibration^  two  difibr^t 
metals  must  be  employed,  the  one  soft  and  possessed  of  moderate 
oonducttng  power,  via.  lead  or  tin,  flie  other  hard ;  and  they  take 
place  wbedier  soft  metal  be  employed  for  liie  bar  or  blodk,  pro- 
vided the  soft  metal  be  cold,  and  the  hard  metal  heated. 

Zd^  That  the  diffisrence  of  temperature  between  the  bar  and 
the  block  must  be  considerable,  though  the  exact  amount  has  not 
been  rigidly  determined ;  it  has  succeeded  with  a  difibrenoe  of 
170''. 

3^/,  That  the  surface  of  tlic  block  shall  have  a  ccrtnin  dcirrec 
of  unevenness,  for  wIioti  rendered  quite  smootli,  the  vibration  does 
not  take  place :  but  the  bar  cannot  be  too  smooth. 

^thy  That  the  inter j>osition  of  any  matter  prevents  vibration, 
witli  the  exception  of  a  burnish  of  gold-leaf,  the  thickness  of 
which  cannot  amount  to  the  two  hundred  thousandth  part  of  an 
inch. 

5<A,  That  the  air  has  no  share  in  the  production  of  the  vibro- 
tory  movemenU^  however  much  its  presence  is  essential  to  the 
production  sound. 

The  cause  of  the  vibrations  is  by  no  means  obvious.  I  shall 
take  the  liberty  of  mentioning  those  speculations  or  hypothetical 
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views  which  hare  presented  themselves,  though  with  diffidence 
and  brevity. 

\st,  As  the  atmospherical  air  is  thrown  into  currents  when 
unequally  wanned,  it  may  be  supposed  that  the  hot  bar  induces 
midi  statical  movements^  aa  piove  sufficient  to  oecasum  iti  vibra^ 
tiona. 

I  need  not  attempt,  however,  to  eiq[ilain  In  what  manner  the 
cunen^  of  air  oould  produce  the  tienioi%  aedng  that»  by  ISiscp^ 
riment  X%  &e.  it  is  proved  that  Ihe  air  haa  no  ooncein  in  Hie  vi- 
bratoiy  operation. 

%d,  Aa  the  Ihemo^'dectric  experiments  and  discoveries 
late  years  have  shown,  that  when  different  metals  in  contact  with 
each  otlier,  differ  considerably  in  their  temperature,  they  acquire 
and  exhibit  opposite  states  of  electrization,  it  may  be  supposed 
tliat  as  soon  as  the  heated  bar  is  laid  upon  tlio  cold  block,  the 
electric  equilibrium  is  disturbed,  and  that  the  metals  assume  the 
positive  and  negative  conditions.  A  series  and  succession  of 
electric  attractions  and  repulsions  may  be  conceived  then  to  com- 
mence, which  by  frequent  and  rapid  repetitkm  eaose  the  oom- 
menoement  and  bontinuanoe  of  the  tremoES. 

9dt  A  third  hypothesis,  and  whidi  appears  to  me  the  most 
probable,  ascribes  the  vibratory  movements  to  the  usual  mecha- 
nical changes  which  caloric  occaMona  in  paning  ftom  <me  sub- 
atamse  into  another:  I  mean  the  eocpansion  and  ooDtraction 
whidi  accompany  alternations  of  temperature.  It  is  diown  by 
several  of  the  experiments  above  recorded,  that  one  of  the  two 
metals  must  be  a  soft  one^  as  lead  or  tin.  Both  of  them  possess 
in  a  smaller  degree  the  power  of  conducting  caloric  than  the 
harder  or  more  elastic  metals  which  were  used  for  the  bars. 

It  also  appeared,  that  some  degree  of  roughness  of  surface  of 
the  lead  hXock  is  essential  to  the  success  of  the  operation.  This 
slight  asperity  arises  of  course  from  numberless  points  or  ndges 
projecting  from  the  soUd  mass  of  metal. 

vol..  xii.  I'Aiir  I.  .  T 
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When  the  heated  bar  is  laid  upon  the  leaden  block,  the  Cft- 
loric  passes  into  these  prominences ;  and  aa  their  power  of  con- 
duction is  not  great,  it  does  not  rapidly  difftase  itsdf  through 
the  rest  of  the  maas;  of  ooume^  thejr  instantly  expejad  and  cJoii- 
g^te,  and  bjr  that  sudden  ekngation  they  give  an  impulse  to  the 
incumbent  bar.  Soon,  howevw,  the  caloric  moves  into  the  ad- 
joining masa  and  the  prominences  oontrac^  and  at  the  same  time 
oome  into  a  shite  ready  to  admit  a  renewed  aooesrion  of  caloric 
fiom  the  bar ;  they  receive  that  caloric ;  again  expand,  and  give 
a  second  impulse  to  the  bar.  This  goes  on  incessantly;  and 
though  the  first  impulse  be  infinitely  small,  and  altogether  in- 
adequate to  produce  any  sensible  movement  of  the  bar,  yet,  by 
incessant  repetition,  an  accumulation  of  effect  takes  place,  and 
the  movements  gradually  reacli  a  magnitude  sufficient  to  become 
easilv  discernible. 

As  soon  as  the  bar  and  block  amve  within  u  certain  limit  of 
diffiienoe  of  tenqteratur^  the  impulaea  beeeme  fteUer  and 
M>ler;  and  at  l^gth  the  bar  oomes  to  rest. 

It  has  been  mentioned,  that  the  smoother  the  bar  is,  so  muda 
greater  is  the  eflfect  I  eoneeive  that  this  smoothness  operates 
by  increasing  die  celerity  with  which  the  suifiuse  poasessed  of  it 
communicates  the  caloric  to  the  projecting  points  of  the  blod^ 
and  thereby  the  elongation  which  gives  the  impulse  to  the  bar 
is  increased  both  in  quickness  and  extent. 

It  is  obvinxt?,  tliat  had  the  bar  any  considerable  degree  of  as- 
perity, the  points  of  contact  between  the  two  nieUils  would  be 
fewer,  and  the  passage  of  the  caloric  between  them  more 
tardy. 

When  the  surface  of  the  block  is  highly  polished,  the  expe- 
riment does  not  succeed;  no  tremors  occur.  This  result  pro- 
ceeds probably  flom  the  cireumitanc^  that  the  caloric  enters 
into  every  part  of  the  surfiioe  of  tl^  block  equally,  and  is  more 
quickly  difibaed  through  the  masB^  and  heiioe  these  are  none  of 
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those  p<irtial  and  sudden  expansions  which  give  the  tremor- 
cauiiiug  ini  pulses* 

When  the  bar  lies  with  a  flat  surface  upon  the  block,  tlic 
noveniCTt  of  course  takes  pkoe^in  a  vefttcal  position  only  ;  but 
when  fhe  bevelled  fiioe  of  the  bar  is  presrated  to  the  blod^,  and 
the  bar  rests  on  the  longitudinal  ridgei  dien,  along  with  the  ver- 
tical, the  tmnsvene  vibiation  also  occurs,  and  communicates  the 
rocking  moyemait. 

This  rocking  may  be  induced  by  two  causers ;  either  by  some 
slight  inequality  in  the  weight  of  the  portions  of  the  bar  on  the 
two  sides  of  the  ridge,  or  some  difference  in  the  condition  of  the 
snzfiioe  of  that  part  of  the  block  which  the  ridge  of  the  bar 
tmicihes. 

\st.  If  the  i'lr.^i  nientionetl  inequahty  exist,  as  soon  as  the 
bar  receives  aa  upward  heave,  the  greater  weight  of  the  one 
side  will  cause  it  to  incline  to  that  side,  and  as  soon  as  that 
heave  ceases,  and  the  contraction  succeeds,  the  bar  approaches 
its  original  position,  but  wiU  not  remain  in  it,  for  the  inclination 
given  to  the  preponderating  mde  wiD,  on  its  return,  of  course, 
cause  the  bar  to  incline  to  the  opp(^te  side. 

The  unpiilses  which  the  bar  receives  in  this  pontion  from  die 
renewed  expansion  and  elmgation,  wiU  not  «Mily  renew  the  up- 
ward heave,  but  also  give  it  a  shove  to  the  piepOQderatiqg  side, 
and  thus  increase  the  lateral  movement,  whidv  lilce  the  vertical, 
though  altogether  insensible  at  first,  by  incessant  frequent  repe* 
tition  accumulates  and  increases  till  the  rocking  becomes  conqii- 
cuous,  and  is  renilorcd  much  more  so  by  the  transverse  rod. 

9fJ.  If  there  exist  any  difference  in  jKjint  of  as|)erity,  in  the 
condition  of  the  surfuce  of  that  part  of  the  block  tipon  which 
the  ridge  of  the  bar  rests,  it  must  necessarily  ibll  u-.  that  the  im- 
pulse given  to  the  bar  on  that  side  which  is  the  most  i  ougli,  will 
be  greater  than  on  tlie  other,  and  consequently  the  upward 
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heave  will  be  so  modified  as  to  create  an  indinatkm  to  one  side. 
The  bar  thus  thrown  off  its  balance  to  the  rig^t  on  aseendin|^ 
Mill  incHne  as  fin*  to  the  left  on  descending,  and  there  reoeiTii^ 
the  expansive  impulse  it  will  be  driven  back»  and  thus  the  ptu- 
dple  of  rocking  will  be  created. 

With  regard  to  the  sounds  which  constitutes  the  second  por- 
tion of  tlie  remarkable  plienomenon,  the  following  remarks  have 
presented  theinsclves.  It  seems  indispensable  to  its  production 
that  there  be  an  uneven  surface,  along  which  a  current  of  air 
may  pass  between  the  bar  and  block :  this  roughness  may  exist 
either  in  tlie  block  or  in  the  ridge  of  the  bar. 

The  manner  in  which  tlie  sonorous  undulations  of  the  air, 
which,  reaching  the  internal  ear,  caitte  the  sensation  of  sound,  may 
be  occadoned,  is  not  very  manifest. 

By  attending  to  the  usual  modes  in  which  acoustic  aerial 
pulses  are  pioduoed,  we  may  perhaps  be  able  to  assign  the  one 
which  [woves  the  source  of  the  sound  in  our  experiment. 

The  first  mode  is,  when  an  elasllc  subMance^  thrown  into  vi- 
bration by  an  impulse  given  to  it,  communicates  the  tremor  to 
the  ambient  air,  as  when  a  bell,  or  a  simple  musical  instrument, 
&r  instance  the  stoccado,  is  struck. 

The  second  i*?.  when  the  sonorous  tremor  is  acquired  by  the 
air  passing  through  one  or  more  apertures  varying  in  size,  and 
with  varying  degrees  of  force  and  velocity.  I  consider  the  ani- 
mal voice  of  this  de^icrxptiuu  ;  for  though  some  physiologists 
maintain  that  the  voice  is  produced  in  the  third  mode^  imme- 
diately to  be  mentioned,  I  am  disposed  to  think,  that  the  sound, 
and  aU  its  modulations^  depend  upon  the  fenn  and  condition  of 
the  aperture  of  the  glottic  and  of  the  passage  throu^  which  the 
expired  air  passes.  For  though  the  numerous  cartilages^  and 
moceeqpeciaUy  the  arytenoid,  may  be  considered  as  vilnatinjho* 
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dies,  yet  the  very  soft  maoona  texture  whidi  ooven  diem  appears 
to  be  intoided  for  the  very  purpose  of  preventing  or  extbguish- 

ing  any  tremor  which  might  arise.  Could  we  suppose  a  flute, 
or  any  \vind-instrument,  constructed  of  inelastic  earthenware, 
we  should  have  a  perfect  source  of  that  aerial  vibration  to  which 
I  am  now  alluding,  and  i^uch  I  conceive  the  organs  of  the  animal 
voice  to  be. 

Thirdly,  When  air,  anyhovr  thrown  into  tremors,  impinges 
upon  an  elastic  solid,  and  throws  it  into  vitnation,  the  tremors  of 
the  solid  body  are  in  thdr  turn  eommuninted  to  the  ahr  in  eon- 
tact,  and  the  sonorous  pulses  may  be  oonadered  as  a  complex 
modification,  resulting  firom  the  intermixture  or  semkoombination 
of  the  two  sets  of  trancra. 

The  aoouatie  tremom  of  ovdinaxy  wind-instruments  are  of 
this  description.  They  are  finely  illustrated  by  the  wild  iEolian 
tremulous  notes  emitted  by  the  cylindrical  glass-tube  in  which 
a  very  slender  jet  of  hydrogen  gas  is  made  to  bum ;  also  by  the 
very  loud  notes  issuing  from  the  gas-lamp  furnace  now  employed 
in  chemical  experiments,  when  a  chimney  eight  or  ten  indies 
high  is  placed  upon  them. 

I  liese  three  are  the  more  common  methods  of  exciting 
sound-causing  pulses  ;  but,  in  our  expei  iraent,  the  source  of  the 
sonorous  undulations  of  the  air  appears  to  be  different.  In  it  we 
have  a  solid  thrown  into  vibration  by  the  peculiar  mode  of  the 
passage  of  caloric  fitom  one  mass  of  metal  into  another,  and  ne- 
ceaaarily  occasioning  tremors  in  the  contiguous  air ;  and  we  haye, 
at  the  same  time,  the  air  in  undulatory  movement,  induced  by 
flowing  in  a  current  Uirou^tbe  channels  aflbrded  by  the  rough- 
ness of  Uie  blodcor  bar;  but  to  produce  a  somfiBnius  undulation, 
neither  <tf  these  sui|^y  is  soffident  It  is  the  oombuiation  whidi 
causes  the  result. 

This  appears  to  me  to  be  demonstrated  by  the  &cts,  ]«/, 
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That  tlie  tremulous  metal  causes  no  sound  when  the  two  sur- 
fitoes  are  amootbly  polished,  as  there  is  dien  no  opening  for  the 
stream  of  air ;  and*  ftdly^  that  the  current  of  air  occasions  no 

sound  when  there  is  no  vibration  of  the  solid,  seeing  no  sound  is 
heard  when  a  heated  hi\r  of  load  rests  upon  a  block  of  the  same 
metal,  and  when  no  vibration  is  visible. 

I  shall  not  lengthen  this  paper  by  attem])ting  to  explain  the 
disposition  of  the  apparatus  to  yield  notes  of  particular  intona^ 
tion. 
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A  Deter^pUon  ^  a  FomU  7^  tUseooered  in  <Ae  Quarry  of 
Onu§^ia^  near  E^Snbvr^  in  &e  monlft  ^  NooeaAer  1880 ; 
witkaSkefi  Aeeount  vfa  Fragment  tmd  BranAJwmdin  1881. 
By  Hevby  Withabc,  £flq.»  F«R.&  Ed,  F.6.S.,  &c.  &c  &a 
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In  the  month  of  November  1  830,  a  small  portion  of  a  magnifi- 
cent fossil  stem  was  disro\Ti  i  il  in  llio  quarry  of  Craigleith,  in  this 
vicinity,  and  more  and  more  of  it  was  brought  into  view  as  the 
working  of  the  quarry  proceeded. 

In  December  ioliowing,  I  communicated  to  the  Natural  His- 
tory Society  of  Nortiiumbarland  a  description  of  that  part  of  the 
petrifaction  which  had  then  been  uncovered.  This  description 
wiU  appear  in  tfadr  Tiaaaactiflns. 

At  that  period  a  oonBideraUe  port  of  the  stem  liad  been 
hcoag^t  into  view,  and  ance  that  time  the  zemaimngpdHion,  and 
the  loot^  have  been  ufpuued. 

From  the  interest  which  this  diseoveiy  has  enated,  and  the 
numerous  visiton  which  it  has  attracted,  I  hope  a  record  of  it 
will  not  be  unaooeptable  to  the  Royal  Society  of  Edinburgh, 
in  the  near  neighbourhood  of  which  this  object  lay  imbedded, 
and  the  parts  of  which,  after  careftd  disinterment,  are  now  open 
to  the  in'jpoction  of  the  curious,  one  half  having  been  deposited 
in  the  M  uscum  of  the  College^  and  the  other  in  the  Royal  Bo- 
tanic G^den.  * 
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The  accompanying  Plates  are,  intended  to  affind  a  more  pre- 
cise idea  of  the  position,  form,  and  internal  structure  of  this  fine 
petEi&ction  than  could  be  oonreyed  by  deemptixm,  Plate  III, 
from  the  pencil  of  Dr  Greville,  represents  a  portion  of  tlie  fossil 
in  its  natural  jxisition.  Plate  IV.  represents  the  internal  struc- 
ture. Plate  V.  is  a  sketch  of  the  trunk,  including  its  supposed 
continuation.  These  two  plates  are  from  drawings  by  Mr  Mac- 
GiLLj^vRAY.  Plate  VI,  also  by  Dr  Greville,  is  a  view  of  that 
part  of  Ciaigleith  Quarry  in  which  the  fiissil  tree  was  found. 

Gnij^tfa  quarry,  in  geological  pootton,  is  situated  M  ^ 
moimtain4iniestone  group,  aaA  lies  ooiuideraUy  bdow  tihe  gjwat 
ooal  biisiiis  of  the  I^otluans.  ^  devation  aboive  tlie  mednim 
levelof thesea,  by baiometticalmeBBiiieniCTt,  u  75feet  Inthe 
part  the  quany  in  which  the  fiis^  u  sitnate^  ihe  strata  ind^ 
to  the  NN.fi.  one  foot  in  4if.>  \ 

Tl|js  part  of  the  quarry,  from  some  unknown  cause,  assumes 
a  trough-like  shape,  tlic  one  side  dipping  at  an  angle  of  20"  to 
the  south,  and  the  other  side  at  an  angle  of  20"  to  the  north  ;  at 
the  bottom  of  this  bjisin  lay  the  roots  of  this  splendid  fossil.  The 
general  direction  of  the  tree  is  20^  W.  by  N.,  and  the  dips  are  as 
follows  :  A.  B,  Plate  V,  at  an  angle  of  20^  B.  C.  44°  5',  C.  D.  E. 
39"  35',  F.  28°,  G.  28°.  The  length  of  the  stem,  from  the  top  to 
the  root,  was  47  feet.  It  presents  the  appearance  of  a  large 
branchless  trunk,  in  some  parts  greatly  flattened,  so  as  to  form 
an  eUipticd  aefltion^,  TIw  diameters  aM  nearly  as  ifi^Hews,  and 
be^t  li««fr 'tiii'>|)«M^  proporikuB  of  sttch  Hitiumgn. 
See  Plate  1^1.  /  ^  v 

i^iiiai«,_  .  .^'^     '  tMLlMibti,''"*''^' 

'  A.  i  ^  'wg  ^Ijuneiert  vuL  1   li  aholMdtabiieter. 
B.  h'A^^^,  1  «  do. 

t,l},%  It  ^  do.  1   0  do. 

t.   St   8^  r  S  do. 

G.   5   0  «  0  do. 
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On  the  edges  of  A  was  not  more  than  7  inches.  From  the 
diameter  of  the  highest  part  mentioned,  it  appears  quite  evi- 
dent that  many  feet  of  the  top  part  of  the  stem  must  liave  been  ' 
taken  away  unobserved,  ere  it  attracted  the  notice  of  the  public^ 
leavii^  ftir  gvatuid  to  oondude,  that,  when  it  waTOd  in  the 
wlods  wMch  vdiistled  throu^  its  spreading  branches^  finr  aught 
we  can  say,  a  iniUloii  yeais  agp^  its  magnifident  tronk  stood 
tsiU  and  stately  fuU  60  feet  in  height.  Jndg^g  from  the  im- 
woiked  rack  near  where  the  ston  Ue^  the  niperincumbent 
mass  must  have  been  above  100  feet.  The  stem  tapers  giadu- 
ally,  and  is  marked  at  irregular  inter>'als  with  a  kind  of  .tzansrene 
rugffi,  or  irregular  prominences.  The  bark  has  been  converted 
into  coal,  and  presents  indistinct  longitudinal  markings,  with 
very  small  transverse  ridges.  At  some  of  the  prominences,  the 
rugie  are  contorted  like  tlie  coming  off  of  branches  of  various 
trees.  That  the  forms  of  trees  are  frequently  much  altered 
prior  to  their  consulidaUoii,  or  during  the  process  of  petrdiic- 
tion,  tliere  can  be  no  doubt.  The  sliapes  themselves,  and  the 
circumstances  in  which  they  are  discovered,  often  sufficiently  bear 
evidence  to  the  &dt,  that  pressure  and  other  agents  have  been  at 
wmk.  But  recourse  has  often  beoK  had  to  this  mode  of  ea^ilanar* 
tbn  in  cases  where  it  oould  not  i^ly*  and  where  one  much  more 
easy  was  at  hand*  It  is  by  no  means  uncommon  to  find  amongst 
recent  trees,  forms  sunilar  to  those  of  fossil  pknta^  which  have 
been  ascribed  to  pressure  and  othor  external  causes.  Every  one 
who  has  had  the  opportunity,  and  has  availed  himself  of  the  oc- 
casion, must  have  observed  this.  The  flattening  therefore^  of 
this  fossil  tree,  is  only  similar  to  what  exists  in  living  nature,  al- 
though I  am  unwilling  to  believe  that  to  be  the  case  in  this 
splendid  instance  of  early  vegetation.  The  usual  way  of  account- 
ing for  such  flatteniug-  l)y  pressure,  although  in  the  present 
case,  where  the  tree  is  not  parallel  to  the  strata,  it  is  rather  diffi- 
cult to  suppose  its  form  to  be  owing  to  that  cause.  The  pressure 
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by  loose  sand,  op  by  sand  mixed  with  water,  would  act  all  round 
the  stem,  and  so  would  not  flatten  it ;  but  if  we  suppose  that  the 
tree  in  its  recent  state  was  carried  along  by  a  tonoit  of  water 
and  sand,  and  left  stickmg  as  the  htter  consolidate^  it  -mild 
afterwards  begin  to  decay,  when  t£e  hardened  strata  woaU,  ne- 
ceaaarily  press  down  upon  it,  and  so  produce  the' flattening  \  and 
those  parts  of  the  stem  which  decomposed  iapidly»  would  natu- 
rsiUy  shew  the  effect  of  pressure  most;  and  stich  may  have  been 
the  case  with  the  fossil  stem  under  consideration. 

In  the  great  coal-field  d  the  noirth,.  fossil  plants  are  goierally 
found  in  a  horizontal  position,  or  parallel  to  the  strata^  in  the 
greatest  possible  confusion,  much  broken,  much  compressed,  and 
with  their  parts  far  separate.  Indeed,  the  confusion  is  the  most 
serious  difficulty  the  observer  has  to  contend  with.  It  is,  how- 
ever, by  no  means  easy  to  trace  the  operation  of  a  current  of  water 
that  has  swept  off  weaker  vegetables,  and  deposited  them  where 
we  now  til  111  I  hem  so  beautifully  preserved. 

Notwnthstanding  tlus,  there  are  to  be  found  in  considerable 
abundance,  in  various  positions,  large  and  strong  trunks  of  plants 
which  appear  to  ronahi  hi  thnrmitaralpaBtinu^  and  wlileh  have 
been  aUe  to  withstand  the  force  of  sudi  torrents^  if  it  can  b^ 
proved  that  any  such  existed*  These  vertical  plants  are  genenil- 


Le^dodendia  of  Stbb«bbbo),  and  the  KqnintBoeie^  on  the  ooai- 
traiy,  do  not  appear  to  have  been  soffidently  strong  to  have  r^ 
sisted  sudi  revolutionary  influoioe.  Several  scientific  gentlemen 
having  stated  as  their  ofiinion  that  this  fomdl  is  a  Lyoopodium,  I 

may  here  mention  the  reasons  why  I  have  come  to  a  different 
conclusion.  1*^  In  this  plant  there  are  no  appearances  of  inser- 
tions of  leaves  on  any  part  f)f  it,  or  any  niarkincr^  similar  to  the 
scales  of  Palms,  or  Ferns,  or  tlie  imbricated  leaves  ol  the  Lycopo- 
dia.  Judging  alone  from  external  ajtpc  u  aiiccs,  the  probability 
ii^  that  it  is  the  stem  of  a  dicotyiedouous  or  gymuospcrmous 
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jhrnetoffx^  plant.  S<%,  Having  examined  with  care  the  in- 
tonal  structure  of  this  foflsil  tree  under  the  nucroscope,  agreeably 
to  the  rules  laid  down  in  my  Observations  upon  Fossil  Vegetation, 
I  f^nti  it  cannot  belong  to  the  former  of  these  classes  It  has,  how- 
ever, mosT  (Iwidcd  medullary  rays,  and  a  woody  texture,  with 
some  appearance  of  concentric  circles,  and  must  therefore  belong 
to  the  order  Conifera\  (See  Plate  IV.  Figs.  1  and  2.)  It  cannot 
be  a  Cycas  or  a  Zamia,  and  a  Lycopodium  it  cannot  possibly  be, 
these  pknts  being  vascular  cryptogamic,  composed  of  cellular  tis- 
sue withscukr  fibr^  destitute' of  medullary  rays,  concentric  rings, 
or  woody  texture^  and  generally  didiotomoiifl.  Gieat  numben  of 
these  gymnoflpermoiis  phanoogamic  plants  have  lately  beoi  dis- 
coveted  in  the  shales  of  the  monntain-linieBton^  gi»nps^  much 
broken,  and  lying  in  a  state  of  great  eonfudon.  This  gigsatic 
stem  so  &r  exceeds  in  size  the  generality  of  thoee  fimnd  in  similar 
situations,  that  although  possessing,  in  common  with  the  rest,  the 
same  general  character,  yet  I  fear,  with  our  present  limited  know- 
ledge in  this  hitherto  neglected  field  of  botany,  it  would  Ix;  dan- 
gerous, or  rather  impossible,  to  name  the  genus  I  may  here  men- 
tion, that  the  concentric  rings  so  very  apparent  in  plants  belong- 
ing to  the  oolitic  series,  arc  not  in  general  so  conspicuous  in 
those  found  in  the  mountain-limestone  series  and  mal-fields ;  pro- 
babi)  ,  amongst  other  causes,  o^ving  to  the  abundance  of  caltti- 
feous  matter,  and  the  peculiarity  of  crysta^isation ;  yet,  from  the 
examination  of  the  few  dices  of  this  tree  already  cut,  I  feel  per- 
suaded that  ib^  win  he  found  in  many  parts  of  its  magnifioent 
trunk. 

•  ■ 

Since  commencing  this  short  account,  a  fragment  of  a  third 
sil  tH&BO,  with  a  branch,  has  been  discovered  on  the  south  side  of 
the  same  quarry,  between  where  the  fossil  discovered  in  the  year 
ldSt6,  and  that  found  in  1830,  lay.    This  fragment  and  branch 
weve  imbeddedin  one  of  those  indniated  parts  of  the  lock  called  by 

V2 
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ihe  wDilaneii  iTtfttfe  doMofiw.  The  rack  being  so  haid,  itbeeaine 

neoessaiy  to  blast  it,  idiich  probably  detached  the  branch  from 
the  fiagmeht  of  the  stenL  The  branch  has  been  Bliced,  and  shews 
the  concentric  rings  in  a  perfection  ahnost  approacMng  to  the 
fossils  belon^ng  to  the  oolitic  series.  (See  Plate  IV.  Figs.  S, 
4-,  5,  6",  7,  and  8.)  The  pith  is  large.  This  is  the  most  powerful 
link  which  has  been  found  to  unite  the  cliain  of  evidence,  which, 
in  every  other  respect,  is  so  strong  in  favour  of  these  plants  lie- 
longing  to  the  phaiu  iogamic  class.  Two  vast  Coniferaj  and  a 
fragment  found  witlun  400  yards  of  each  other,  afford  strong  rea- 
son to  think,  that,  in  a  square  mile  of  llie  same  deposite,  many 
of  these  aacknt  veBes  of  eady  creation  iriU  be  brought  to  light, 
and  leaive  raoni  to  believe  ibat  these  phanerogamic  plants  are  as 
abundant  m  these  depoaites  as  in  those  higher  up  in  the  series*. 


*  In  Augmt  1881,  another  portioa  vi  a  loHtL  haa  been  AseofCMd  iridib  a  few 

yanls  of  the  fragment  of  the  third  fossil  stem.  An  horizontal  sliee  of  thiV,  -t  inches 
long  and  a»  many  brood,  shews  the  concentric  zones  of  the  wood  in  a  very  marked 
manner;  and  a  longitudinal  secttoa  of  the  same  exhibits  distinctly  the  circular  ele- 
vatian%  equal  to  about  half  tiie  bfeidd)  of  d»e  doagaied  «1«1m.  Hcira^  then,  tha 
very  remarkable  organization  of  the  walls  of  the  woody  tissue  of  recent  Conifera' 
afe  exhibited  more  satisfactorily  than  in  any  oi  those  jdants  hitborto  disoovo^d  iji 
or  baknr  the  eodfidd  propcc. 
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On  ihe  Hilary  OsciUatiom  (^f  tJte  Barometer  near  Edmbnrgh, 
deduced  from  4410  Oftservations ;  with  an  Inquiry  into  tfte 
Late  of  Geographical  Distribution  qf  the  Phmom&non.  By 
Jah£S  D.  f  o&bes,  Esq.  F.K.S.E. 


(Bead  ith  JprU  1831 J 

1.  The  science  of  Meteorology  must  be  ranked,  at  the  i^resent 
moment,  among  the  most  rising  branches  of  natural  knowledge. 
The  transition  from  the  liasLy  geneialization  wliicli  always  marks 
the  embryo  state  df  science,  to  the  application  of  sober  induc- 
tive analysis,  is  oaie  BO  important,  dad  flo  truly  interesting^  as  to 
repay  amply  the  pfaikMKqphical  abstinence  whidh  it  imposes.  No 
more  important  loMon,  indeed,  esn  be  learned,  than  fiora  the  Teiy 
examples  of  crude  speeulatioiiy  whidi,  for  oentuzies,  iiie  pvbgress 
of  this  subjoot  liBS  afforded  among  the  multitudes  whose  scienttfitf 
acquirements  are  limited  to  the  art  of  consulting  a  weather-glasi^ 
or  leistering  a  thermometer,  litUe  imagining  that  the  very 
science  they  aflFect  to  cultivate,  ranks  among  its  phenomena  the 
interwoTen  cflfects  of  remote  and  recondite  causes, — a  science 
which,  to  use  the  words  of  Mr  Hersciikl,  is  "  one  of  the  most 
complicated  and  difhcidt,  but,  at  the  same  time,  interesting  sub- 
jects of  physical  i  c.^arch :  one,  however,  which  has  of  late  begun 
to  be  studied  with  a  diligence  which  promises  the  speedy  disclo- 
sure of  relations  and  laws^  of  nUd^  at  pocesent,  we  can  form  but 
a  very  impeiflM^t  notion.** 

•2.  Que  of  tiie  most  imp(»tant  features  of  recent  improrement 
in  tiie  mode  of  studyiiig  tiie  group  of  ftcts  irtueh  meteorotkigy 
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pweeDte  to  iM^  is  the  analytical  method  of  dwcmwhig  olMHiwliui^ 
estzactiii^  as  it  wete,  ftom  tibe  data  wludi  nature  pgonaiteto 
lean  wlueh  shall  best  represent  them,  instead  of  fiaming  chinuy 
hypotheses,  to  which  it  became  a  secondary  object,  to  apply  the 
facts.  No  better  example  of  the  method  can  be  given,  than 
Humboldt's  masterly  essay  on  Isothermal  Lines  ;  and  the  same 
distingiiishod  traveller  was  the  first  who  threw  into  anything  like 
lucid  orch^r.  iho  class  of  piienomena  which  it  is  the  object  of  this 
pai>cr  to  discu&s,— the  Horary  Oscillations  of  the  Barometer. 

3.  These  atmospheric  tides  were  first  dist  ovored  in  a  decisive 
manner  at  Surinam,  in  1722,  by  a  Dutch  plulosopher,  whose 
name  has  not  descended  to  us ;  and  the  history  of  thdr  subse- 
quent development  is  too  well  known  to  require  even  an  abstract 
In  this  place.  It  has  been  icscrrod  for  the  mnetoenth  eentuiy 
to  asoeitaiii  almost  eveiy  thiqg  connected  with  them  bendfls  tlieir 
bate  ensteaee^  and  evim  that  was  not  established  in  die  ten^ 
perate  sane  [nevioas  to  the  observations  of  Ramond,  little  more 
thaD  twenty  years  since.  But  it  was  reserved  for  Uovboudt, 
after  mudh  pcactical  labour  in  the  first  years  of  the  eentuiy,  to 
draw  up  the  admirable  analysis  of  tlie  subject  which  appeared  in 
the  third  volume  of  the  "  Relation  Historique,"  pubUshed  in 
1825.  From  that  time  a  new  impulse  was  criven  to  the  lalwurs  of 
observers ;  and  during  the  last  five  years  many  importimt  registers 
have  thr(j\\  u  lij^ht  ujwn  the  modification  which  the  barometric 
oscillutiuii  undergoes  in  dilierent  latitudesj,  and  at  various  heights 
above  the  sea.  The  subject  had  always  appeared  to  me  one  of 
singular  interest,  and  accidental  circumstanoes  first  indsoed  me 
to  prosecute  it  esqierimfintally,  duzing  some  months'  stay  at  Rome 
in  the  S|Hcing  of  1887.  The  period  was  Teiy  shorty  but  as  I  fi&> 
quently  made  from  twt^ve  to  fifteen  obeemtions  in  «  diQr,  I  ims 
oiahled,  very  satisfactorily,  to  trace  the  variation  from  hour. to 
hour,  and  to  ascertain  the  periods  of  maiimiim  and  minimum, 
though  too  brief  to  detennine  the  amount  aoouzatdy,  which  cane 
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oitlv  ni  dl  pnbdbility  oonadiraU^  On  mjselnni  to 

Sootknd  in  autumn  of  the  aaine  year,  I  revived  to  institute 

inimediately  a  series  of  observations  in  Latitude  56^,  a  move 
noitheily  statioii  than  any  at  which  obsemtions  have,  as  &r  as  I 
know,  yet  been  made  for  this  purpose,  ensepting  those  of  Cap- 
tain Sir  Edward  Parry.  These  1  hare  pursued  ahnost  without 
intermission,  up  to  the  close  of  1830  ;  arjfl  when  it  is  recollected 
how  rare  observations,  sufficiently  long  continued,  have  been  in 
the  higher  latitudes,  and  c  pecially  how  trivial  have  been  t}ie 
donations  of  Great  Britain  to  this  branch  of  meteorologj',  I  ]u)|)c 
that,  with  all  the  delects  inseparable  from  the  efforts  of  a  solitary 
observer,  the  residts  of  this  inquiry,  placed  in  the  form  of  Tabl^ 
at  the  end  of  tiiis  paper,  andtfaedednctiomifimaiiiiichlamnow 
about  to  ^ve  in  mada,  may  not  he  unacceptable  to  the  Sodety. 

4.  These  obaervirfaoiis,  amounting  in  all  to  4410  in  number, 
compriflod  between  the  years  18£7  and  1830^  were  made  at 
Colinton  Houses  fiiur 'miles  south-west  of  Ediabui|^  in  Lati- 
tude 55"  55'  80"  N.,  and  Longitude  12"5r.5  west  of  Greenwidi, 
deduced  trigonometrically  firom  the  Calton  Hill  Obserratory, 
and  at  410.5  feet  above  the  mean  level  of  the  sea,  detetmined 
by  accurate  levelling.  Four  months  observations,  however,  at 
the  commencement  of  1898,  were  made  in  Ediiil)argli,  but  re- 
duced to  the  same  level  oi'  410.5  feet,  in  order  to  prevent  their 
affecting  the  mean  absolute  height.  Five  observations  were 
made  daily  of  the  barometer  and  attached  thermometer,  from 
8  to  84  A.  M.,  at  10  A.  M.,  about  4  p.  m.,  and  at  8  and  10  p.  m.  ;  in 
Older  to  detect  the  morning  and  evening  maximum,  and  after- 
noon minimum.  The  same  instrument  has  not  been  used 
throu|^iout  these  observations.  Fov  the  gieater  part  of  the  fast 
two  years^  however,  I  have  used  a  bMometer  in  whidi  I  put  great 
eonfttoifl€^  the  mereuiy  having  been  boiled  in  the  tube  by  my- 
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adf  with  every  precaatioD,  and  widi  eveiy  part  of  ivliidi  I  ma 
thoroughly  acquainted.  It  is  of  the  mountain  oonstructioii,  haB 
an  adjustable  level,  and  attached  therpiometer,  and  reqairai  no 
correction  for  capillarity.  Though  the  other  barometers  were  not 
so  unexceptionable,  they  were  Ixitli  furnished  with  attached  ther- 
mometers, and  one  was  on  the  mountain  construction ;  indeed 
the  nature  of  the  deducti  ons  which  I  have  to  make  being  entirely 
confined  to  (Jilfercuas,  ;\it]iout  regard  to  absolute  height,  the 
nicety  of  the  instruiiiciiL  is  of  little  importance,  considering  the 
great  imniber  of  observations  required  to  be  combined,  in  order 
to  obtain  any  trust-worthy  result.  Any  constant  cause,  render- 
ing the  height  of  tlie  merenrial  odumn  at  one  hour  of.  the  day 
diffiaent  from  that  at  another,  independent  of  the  atnMMpherie 
tide^  must  he  aednlonaly  gmoded  against;  but  theie  is  nothing 
mrth  mentioning  whidi  can  pfoduoe  this  eflhet^'exottt^diange 
of  tempeiatare.  The  attached  thennometer  must  merafiwe  be 
oonffldeced  a  tine  qua  non.  The  corrections  on  this  account  are 
applied  to  the  monthly  means ;  and  the  table  I  have  employed 
is  that  of  Professor  Schumachkr  :  it  may  safely  be  affinned,  that, 
with  rare  exceptions,  the  tables  commonly  employed  in  this  coun- 
try are  more  or  less  erroneous,  and  some  very  strikingly  so.  The 
whole  of  the  observations  are  thus  reduced  to  32"  Fahr.  I  may 
also  add,  what  is  by  no  means  unimpurlant,  that  with  hardly  any 
exceptions  (amounting  to  not  above  a  few  dozens  in  all),  the  whole 
of  these  4410  obserratums  were  made  personally,  by  myself. 

5.  In  the  numerical  reduction  of  the  .observatioas,  .!  eKpe> 
rienoed  a  yery  haraasiiig  difficulty.  The  omiaoons  at  particular 
houn^  wfaidi  could  not  fiul  to  occur  occasionally,  in  the  :attempt 
of  an  individual  to  register  the  baiometer  five  times  a^day  Sax  so 
long  a  period,  where  th^  happened  during  extreme  states  of 
pressure^  would,  it  is  easy  to  see,  materially  affect  the  monthly 
means;  and  although  the  reduction  was  continued  in  the  hope 
that  the  combination  of  a  sufficient  number  of  months  would  de- 
stroy the  irregulaf&ty,  it  became  obvious^  that  any  attempt  to 
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draw  more  delicate  oondusirais,  sudi  as  the  influence  of  the  sear 
tooB,  would  be  vain ;  and,  finally,  I  was  led  to  distraat  the  ac- 
curacy of  even  the  general  result.  Under  this  impressbn,  I 
leadved  to  repeat  the  whole  reductions  upon  a  plan  which  I  had 
pveviooflly  employed  witli  success  and  whidi  has  Ailly  answered 
my  eiqpectatioRS.  As  the  great  object  was  to  avoid  the  ine(|uaUly 
of  absolute  hei^t,  which  might  vary  indefinitely  on  different 
days,  and  preserve  only  the  differences  cnrrcsponding  to  different 
hours,  I  selected  one  time  of  day  at  which  the  barometer  was 
most  retnil  irly  observed,  and,  under  the  columns  corresponding 
to  the  other  iiours,  insertefl  tlie  differences  as  they  were  -|-  or  — 
of  the  barometer  and  attached  thennonieter,  from  the  heights  at 
the  standard  hour  inserted  in  the  first  column,  and  the  means 
for  each  month  of  the  principal  column  and  the  subsidiary  ones 
being  taken,  the  corrections  (total  or  partial  respectively)  for 
temperature  ^vcrc  applied,  from  which  mean  results  a  new  set  of 
absolute  heights  might  be  deduced.  By  far  the  greater  devia- 
tions from  the  mean,  on  the  account  above  aUuded  to,  were  thus 
avoidedt  and  though  particular  omiaaons  no  doubt  alBbcted  the 
partial  means^  the  errors  were  greatly  smaller  in  amount  At  this 
simple  artifice  is  not^  I  bdiev^  gramlly  adopted,  and  as  it  seems 
greatiy  pre&nlile  to  the  employment  of  interpolation  which 
must  frequently  be  guessed  at,  and  always  open  a  door  to  the 
practice  of  admitting  hypothetical  numbers  on  the  same  footing 
with  observed  ones,  I  think  it  worth  while  to  give  a  practical 
example  of  the  mode  I  pursued,  and  the  forms  of  my  Tables. 
The  normal  hour  employed  was  10  p.  m.,  at  which  time  the  ol>- 
servations  appear  to  have  been  1>een  most  regularly  made;  and 
it  is  surpn^in^jr  how  few  observations  I  was  obliged  to  discard 
for  want  of"  lhl^  standard  of  comparison.  I  have  selected  tlu; 
Tables  for  .June  1828,  in  which  1 8 observations  out  of  15U  were 
wunliiig,  the  first  reduction  of  which,  by  the  method  of  simple 
means,  gives  the  oscillation  from  10  a.  m.  to  4  p.  m.  in  the  wrong 
direction*  which  is  again  restored  by  the  application  of  the 
second  method  I  employed,  shewn  on  the  opposite  page. 
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The  general  results  of  the  monthly  means  fully  justified  my 
esqpectations.  The  extent  of  the  deviatioiis  on  both  aidesb  from 
the  mean  oscillation  given  by  the  monthly  results,  was  greatly 
diminished,  and  likewise  the  number  of  times  which  the  OBcUk- 
tion  aime  out  negative^  or  in  the  wroncr  <Hrection. 

6.  By  consulting  Tables  I,  II,  111,  and  IV,  at  the  end  of  tliis 
Memoir,  the  partial  means  of  each  month  during  which  observa- 
tions were  made  will  be  found  for  the  years  1827,  1828,  1829, 
and  1830.  As  there  cannot  be  a  doubt  that  the  seasons  pro- 
duce a  \  t;i  V  sensible  effect  on  the  amount  of  the  oscillation,  I 
prefer  deducing  the  general  result  from  the  mean  of  the  differrat 
seattHU,  which  are  oontained  in  Ihe  four  following  TabkSf  the 
absolute  numben  bong  reHomd  from  the  data  of  the  piemu 
ones.  The  foUowing  are  the  general  means,  the  spring  period 
being  understood  to  include  Maxch,  Aptil,  May;  sununer,  Jun^ 
July,  August;  autumn,  September,  October,  November;  and 
winter,  December,  January,  February. 


Seasoxs. 

Number 
of  Ot)v 

8  A.  M. 

10  A.  M. 

4  P.  >f. 

8  P.M. 

10  p.  M. 

Spring, 
Summer, 
Autumn, 
Winter, 

1159 

977 
1107 

iier 

29.3651 
29.3896 
29.4378 
89.4886 

29  3589 
29  3820 
S9.4422 
88l44«7 

39.3438 
29.3715 
29.4286 
891.4416 

29.3618 
293812 
29.4360 
29.4447 

29.3640 
29.3806 
i29.4ai2 
89^4485 

Sam, 

4410 

117.0811 

29.4078 

117.6878 

29.4070 

117J8S5 

29.39C4 

117.6887 

29.4059 

117.6848 

It  thence  appears  that  the  principal  osciUation  from  the  first 
morning  observation  to  the  afternoon  one^  amounts  to .01 14 
inch ;  that  from  the  afternoon  to  the  second  evening  one,  to  + 
.0097  :  the  ratio  is  1  : 1.18,  which  is  considerably  lcs.s  than  the  best 
obser\'ations  give  for  the  south  of  Euroixi.  In  the  north  we  have 
no  data  of  comparison,  since,  as  far  as  I  know,  no  register  capable 
of  aftbrding  satis&ctoiy  residts  for  Uie  evening  maximum  has 
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ever  been  kept  in  any  part  of  BrlUin  *.  In  the  comparisons  I 
am  about  to  institute  with  the  ohservations  made  in  other  parts 
of  the  world,  I  shall  adopt  the  u.scillation  between  10  and  4,  or 
—  .0106  inch,  since  this  agrees  nearly  with  the  usual  hours  of 
obaervatioiiy  as  it  has  raxeiy  happened  that  meteorologists  have 
taken  the  trouble  to  observe  the  berameter  at  two  periods  near 
one  another.  The  amo«int  just  named  exoeeda  somewhat  the 
oBcOlatioB  observed  bj  Somcaa  at  Kon^berg,  in  Latitude 
54*  4S^9  which  has  hitherto  been  refened  to  as  the  solitary  vesult 
ftom  northern  Euzopet*  We  shall  afterwards  see  that  the 
amount  I  have  assigned  apnes  mudi  moredosely  witli  ilie  strict 
analogy  of  other  observations  in  mcie  southern  latitudes.  Beride% 
the  hour  at  which  the  afternoon  minim  unt  was  observed  by 
SoMMXE  was  much  too  early  in  all  piobabiUty,  being  part  of  the 
time  at  S  p.m.,  and  the  remainder  at  S  p. m.  The  hour  in  tem- 
perate cHmates  is  probably  later  than  is  generally  assigned  :  nor 
docs  it  add  vnnch  to  our  confidence  in  the  r^idts,  that  Bessel 
inlbrms  us,  that  '*  notvvnthstanding  the  minuteness  of  the  amount, 
it  is  recognised  in  each  annujii  mean  :{:,"  when  in  my  tables  it  is 
eliminated  in  28  out  of  '38  niont/i/i/  means,  notwithstanding  its 
extreme  minuteness  in  winter.  In  Loadun,  where  the  amount 
is  more  than  twice  as  great  as  here,  and  the  observations  are  made 
only  twice  a^y,  but  with  sudi  nguhorily  as  to  avoid  the  neeea- 
sity  of  any  artifice  for  correcting  omissions^  I  find  the  oscillation 
detected  in  46  monthly  mesns  out  of  48} ;  and  at  ^ma,  in  every 
one  of  18S  montlis  ||,  the  amount  thero  being  nearly  three  times 
that  at  Edinburi^ 


•  I  do  not  except  Mr  r>ANiE!.T.'s  Obscn'ations  for  reasonfl  assigned  bcJow,  ^  9. 
■f  HoMBOLDT,  Relation  llislorii^uc,  4to  edition,  torn.  iii.  p.  306. 
X  Afltranomiidie  Naehriditeii,  WtS,  No.  M. 
§  Philosophical  Transaction*  for  1827i  &c 

» 
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7.  The  influence  of  the  seasons  upon  the  horary  oscillation 
is  an  important  in([uiry ;  and  considerable  uncertainty  prevails 
in  the  best  obsei  \  ali  ais.  With  regard  to  the  hour,  we  find  the 
duration  both  oi  the  morning  and  evening  oscillation  is  greater  in 
spring  and  summer  tlum  in  autumn  and  winter ;  8  or  hail-i>ast 
8  A.  M.  and  10  v.  u.  being  the  critical  hours  at  the  former  period, 
and  10  A.  M.  and  8  p.  m.  at  the  latter.  With  regard  to  the  vari- 
able amount,  if  we  take  advantage  of  Hie  donUe  houn  of  obter- 
vstaon,  and  select  the  actual  maiima,  we  shall  find  the  IbUowing 
amounts  of  osciUataaii : 


rSBIOD. 

PR  ■  too 

Item. 

(nasi. 

Hour 

OKiU. 

Spring,  .... 
Summer,  ... 

8 

.0213 

10 

.OSOS 

8 

.0181 

10 

.0151 

Autumn, .  *  .  ■ 

10 

4n86 

8 

Wintflf,  .... 

10 

M«l 

8 

We  thus  see  that  both  the  sunning  and  evenmg  tide  exhibits 
the  same  ovder  <^  decieaae  throuj^  the  seasons,  descending  in 
winter,  to  a  very  minute  amount 

If  we  employ  die  fixed  houn  of  10  a.  x.  and  10  p.  m.  fiir  tibe 
maxima,  we  shall  find  the  oficiUHtion  at  a  "»«^™"™  in  spring  and 
autumn,  lower  in  summer,  and  Ihe  decided  minimum  in  winter. 
This  agrees  pei&ctly  with  the  results  of  the  observations  made 
at  the  apartments  of  the  Royal  Society,  in  London,  which  1 
haye  ooUected  from  the  Philosophical  I'ransactions  for  the  last 
four  years,  during  which  the  meteorological  roister  has  been  con- 
ducted on  a  much  improved  plan. 
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Y«w> 

nmnft. 

AVTinnr. 

WIHTKI. 

Hir.  Apr.  Mty. 

June,  July,  Aug. 

Si-pt.  Oct-  Nov. 

l)e>-.  Jan.  Feb. 

iDCbM. 

Iiict» 

(Old 

.082 

.025 

.021 

-<  .005 

.026 

.086 

i.(UM 

.014 

jOKL 

.OSS 

("027 

.016 

.079 

.006 

18X8. 

<  .0x4 

.OOB 

.UlU 

i  .086 

.068 

.024 

jOtl 

f.OSl 

.028 

.007 

.012 

I  .025 

.028 

.006 

.005 

+  .005 

.064 

.014 

(-.035 

.009 

Oil 

.002 

1830*. 

4  .006 

.OlS 

.036 

.047 

(.OlS 

jm 

.069 

+  4)01 

Sum, 

.877 

.176 

Man, 

.0»7 

^86 

J0148 

That  fheee  difibrenoes  aie  veaUy  owing  to  llie  influenoe  of  the 
seasons  may  be  inferred  from  the  excellent  agreement  of  l^e  four 
total  annual  means,  which  are  -09,9.7,  *0S46^  -0S05,  *0S14.  And 

we  may  reasonably  conclude  by  the  analogy  of  my  observa^. 
tions,  that,  bad  the  true  hours  of  tides  been  observed,  the  order 
in  intensity  would  liavc  been  the  same.  The  best  observatims 
in  other  parts  of  the  globe,  afford  us,  it  must  be  admitted,  !?ome^ 
what  anomalous  results.  In  the  excellent  observations  of  Mar- 
que Victor,  at  Toulouse,  little  or  no  difference  from  the  in- 
fluence of  the  seasof  l^  was  observed  f .  At  Clermont  Ferrand  the 
adnnra1^)le  observations  of  Ramon  d  assure  us  that  the  maximum 
oscillation  occurs  in  spruig,  and  the  rainimum  in  winter  with 
a  secondary  maximum  and  minimum  in  autumn  and  summer. 


•  FariMrtofdM)ieibrl880,IamfaididitedtoMrHiRMOv,tlieobaaver,  wfaM 
mal  in  the  examinstion  U  thu  phenowMmon  proniiMS  aoon  lo  alRinl  u*  new  and  tr»- 

hiable  dat.i. 

f  Bibliotheque  Uiavewelle,  xx.  246. 

*  Memoircs  de  llmtitut,  1812. 
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At  Paris,  from  eleven  years'  results,  the  maximum  is  also  in  Jrpring, 
but  the  principal  minimum  in  summer,  and  having  a  second 
maxnnuui  in  autumn.  On  the  Plateau  of  Hofjotii,  near  the 
Equator  *,  there  are  two  maxima,  which  appear  nearly  to  coin- 
cide with  the  maximum  intensity  of  tlie  solar  rays,  occurring  to- 
wards the  equinoxes.  The  ohservations  of  Dorta,  at  Rio 
Janeiro,  in  23"  S.  Lat.,  give  nearly  the  same  results,  the  maxi- 
miini  being  in  April,  cue  at  the  atttimuial  period  in  southern 
latitudes  f.  It  is  xemadcable  also^  tliat  ^e  obsenraUons  ai  Dr 
RussEL  at  Berhampoiir  (Lat  S4*  N.),  and  of  Mt  Pkinsbp  at 
Braares  (Lat.  S5^*  N.),  each  continued  for  three  year^  ffwe, 
severally,  a  minimum  in  summer*  and  one  not  so  low  in  winter, 
with  a  decided  maximum  in  spring,  and  a  strong  indication  of  a 
smaller  one  in  autumn  :|;.  as  I  tliink  we  have  good  reason 
to  believe,  the  real  maximum  is  in  spring,  according  to  the  mino- 
rity of  observations,  we  may  account  for  this  verj'  general  ap- 
parent maximum  in  autumn,  by  considering  the  effect  of  change 
in  the  hour  of  tide.  For,  suppose  the  barometer  observed,  as 
has  very  generally  been  the  case,  constantly  at  9  a.  m.,  this  cor- 
responds to  the  true  critical  hour  very  exat  tly  at  the  equinoxes  ; 
but  in  simimer,  as  this  hour  becomes  earher,  tlie  baionieter  will 
haye  passed  its  maximum  at  9  a.  m.,  and  the  osdUation  will  come 
out  tob  small,  giving  an  ajiparent  minimum  in  nimmar,  iHwn 
peihaps  none  ou|^t  to  exist  This,  probably,  will  aocount  satis- 
iSictorily  for  this  extensively  observed  &ct,  and  aococds  well  with 
the  results  of  my  observations  at  double  hours.  If  we  can  trust 
to  the  reductions  of  Marque  Victor's  observations  at  Toulouse^ 
tiiey  present  the  greatest  anomaly  in  this  part  of  the  subject. 


*  HmnoLDT,  Rektko  Hiitorique^  vL  p.  Wt 

t  Ibid.  p.  298. 

X  pyiowfliical  TnmsMtioiis,  18S8. 
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The  monthly  oscillations  the  remarkable  station  of  the  Grand 
St  Bernard  will  he  noticed  in  .Section  1 1. 

8.  Without  dwelling  fartlier  at  present  upon  the  deductions 
Irom  my  own  observations,  I  proceed  to  make  some  inquiry  into 
the  law  whldi  regulates  the  geographical  distribution  of  this  re- 
msriable  phenomeiioii. 

The  gpneiai  &ct  that  the  amount  of  llie  baiometrie  oaciUap 
tion  decreages  firom  the  Equator  towaids  the  Polea»  has  been 
long  estaUuhed.  The  aetive  xeseorches  of  Humboldt,  betwie^ 
the  tropics^  above  thirty  yean  ago^  enated  a  spirit  of  loquny  in 
Europe  in  which  the  distinguished  Ramono  Uiok  the  lead,  and 
whidi  terminated  in  the  detection  of  the  horary  oscillation  among 
the  great  accidental  variations  of  atmospherical  pressure,  at  the 
same  hours  nearly,  but  much  smaller  in  amount,  than  in  lower 
latitudes.  The  lalwur  of  observation  was  therefore  crrcatly  in- 
creased, requiring  soi  ne  years  of  accurate  data  to  afford  the  desir- 
able precision  aj?  to  amount,  which  might  be  obtained  by  a  few 
days  observalu  ii  near  the  Equator.  Allowing  for  accidental  ir- 
regularities, the  progressive  decrease  has  been  very  satisfactorily 
proved;  but  two  very  remarkaUe  registers  have,  within  the 
last  few  yeaia»  fhmished  ua  with  uneipected  and  cniious  result^ 
which  must  oceupy  a  prominent  place  In  any  theoiy  on  the  sub- 
ject  The  first  of  these  was  the  roister  kept  at  iSt»  eonvent  of 
the  Ghnnd  St  Bernard,  which,  aa  well  aa  a  predady  oonreapond* 
mg  one  at  Geneva,  was  adapted  to  the  investigation  of  tfiehcnnuy 
oscillations,  immediately  after  the  publication  of  the  third  vo- 
lume of  Humboldt's  *<  Relation  Historique."  The  St  Bernard 
observations  demonstrate,  by  the  roo:ular  annual  results  of  the 
last  five  years  (l>^26-30),  that,  at  8000  feet  above  the  sea,  the 
barometer  is  lowest  at  9  a.  m.  and  hi^iest  at  3  p.  precisely  the 
reverse  of  what  had  hitherto  been  observed.  Humboldt  had 
remarked  that,  between  the  tropics,  though  tin  uuioant  was  di- 
minished, the  hour  of  maximum  wa8  not  changed.    These  two 

VOL.  XII.  FAET  1.  -       _      T  ' 
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results  have  8omeliriu«=;  hoen  much  misunderstood,  and  spoken  of 
as  if  they  stood  in  (Jp^K)^ilil)I^  to  each  other.  Mr  Daxikll  (who 
is  ahnost  the  only  English  \mter  by  whom  this  subject  has  been 
considered  at  any  length),  treats  the  question  as  one  of  quaUtif 
not  of  The  atmoflpheric  tide  is  much  emaller  in  Europe^ 

at  the  lerd  of  the  ae8»  than  at  the  same  kfvd  at  the  Equator: 
i^  ther^xN^  we  oonnder  the  influenoe  of  height  to  be  equal  in 
both  easest  and  in  the  mne  direction,  it  is  Tery  otmoua  that 
whiles  at  the  Equator,  the  oscillation  may  be  cmly  diminished  in 
dimmnon,  at  the  same  height  in  the  Temperate  Zone,  it  may 
have  become  null,  or  changed  its  sign ;  that  is,  being  negatwet 
the  time  of  maximum  below  will  correspond  with  that  of  mini- 
mum above,  and  vice  versa, — a  phenonioru>n  perfectly  in  confor- 
mity with  the  laws  which  ordinarily  regulate  physical  causes,  and 
deducible  from  the  abstract  consideration  of  (juantity,  therefore 
to  be  considered  in  no  respect  as  an  anomaly  in  the  quality  of 
the  eliect,  or  as  a  change  per  mltum  in  the  course  of  nature. 

9*  But,  what  is  Teiy  rmnaricable,  a  predsdy  analogous  fact  has 
been  disoovered  in  I^at.  74°,  by  Captain  Edwabd  Parey, 
whose  admiiafale  meteorologieal  reg^sten  weie  a  mostvaluable 
donation  to  scknce.  This  circumstanoe  hadfinr  some  years  been 
suqpected,  frnn  the  earlier  joumak  of  Parey  and  otfier  Arctic 
voyagers ;  but  diese results  were  received  with  just  doubt,  because 
the  iiBiometric  re^psters  wanted  the  indispensable  elemoit  of  the 
temperature  of  the  mercury,  which,  under  any  circumstances,  and 
especially  those  of  an  arctic  voyjige,  might  j)roduce,  by  an  average 
ditference  of  temjwraturc  at  one  hour  of  the  day  from  that  at 
another,  results,  erroneous  in  amount,  or  even  opposed  to  the 
truth.  For  example,  it  will  be  seen  by  the  four  first  tables  at- 
tacfaed  to  this  paper,  that  in  the  entire  annual  results,  even  in 
this  tenqteiate  dimate^  a  constant  eieess  of  temperature  at  4  p.  m. 
was  obsenred  aliove  that  at  8  a.  m.,  amounting  to  a  degree  and  a 
half  of  Fahrenheit,  wfaidi,  suppoemg  no  oscillatioii,  would  ^re 
rise  to  a  fu^fros  one  of  between  four  and  five  thousandths  of  an 
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inch,  or  nearly  lialf  the  observed  amount  in  this  latitude.  It  is, 
therefore,  not  wonderful  that  the  first  observations,  which  wanted 
the  attached  thermometer,  should  liave  been  received  with  dis- 
trust, and  it  is  rather  surprising  that  Mr  Daxiell  should  have 
so  overlookf  d  this  source  of  error,  as  to  have  placed  the  utmoat 
conliiiLinjc  (in  the  first  edition  of  his  work)  in  the  existence  of 
oscillations  which  niiglit  Irnve  been  caused  by  a  change  of  tem- 
perature amounting  to  little  more  than  1'  Fahrenheit ;  and  that 
he  should  have  published  his  deduction  fait  the  hoiaiy  osefllatioii 
at  London  from  his  own  observationfl,  which  wholly  wanted  this 
element.  The  last  voyage  of  Captain  Sir  Edward  Parey  a^ 
forded  results  worthy  of  the  highest  confidence  from  ohservar 
tions  with  excellent  instruments,  of  which  the  indicatiims  were 
registered  with  an  assiduity  and  precision  which  puts  to  the 
blush  anything  of  the  kind,  at  least  in  Britain,  destined  to  the 
furtherance  of  the  science  of  meteorology.  These  excellent  ob- 
servations indicate  the  existence  of  all  the  oscillations  observed 
in  lower  latitudes,  including  that  at  4  a.  m.,  which  has  rarely 
been  observed  in  any  part  of  the  globe,  and  give  all  the  values 
with  a  negative  sign,  relatively  to  the  ordinary  oscillations.  The 
six  monthly  means  (Nov.  1824 — April  1825)  give  every  one  the 
negative  tide  from  4  a.  ic.  to  10  a.  kl,  and  likewise  from  10  a.  m. 
to 4  p. andftanlO  p.m.  to  4  A.M.i  and ereiy mondilNttone 
from  4  F.  M.  to  10  p.  M.  As  the  greatest  observed  tide  was  that 
from  4  A.  M.  to  10  A.  or — J00S9  inch,  I  shall  adopt  it  in  fature 
computations,  more  especially  aa  frmn  three  months'  obsemtioiis^ 
when  the  daily  number  was  c  xtended  to  twelve,  the  eritioal  hour  in 
the  afternoon  appeared  to  be  later  than  4^  perhaps  conaideiably  *. 


•  A  rimilar  ftct  with  regard  to  Northern  Europe  Imb  been  suggeated  hy  aame 
obiervfltioOBinade  at  the  apartments  of  the  Royal  Society  of  London,  in  u  ])apcr  by 
Mr  LuiiBocK,  V.P.R.S.  in  the  Phil.  Trans,  for  1881,  of  whiih  the  author  haah^ 
kind  enough  to  favour  me  with  a  copy  since  this  paper  was  read. 
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These  obBorrtttums,  then,  establidi  die  eadstence  of  an  oMillalioii 
in  Let.  74^  nearly  equal  to  that  in  Lat.  56",  and  aflfected  by  an 
oppodte  sign. 

10.  The  nimiber  of  obaerrationB  in  different  parts  of  tbejg^be 
being  now  vexy  considerable^  it  appeared  to  me  of  high  import- 
ance in  the  present  state  of  the  science  of  meteorology,  to  endea* 
▼our  to  generalize  them,  and  see  how  far  they  might  be  repre- 
sented by  an  empirical  law.  I  was  accordingly  engaged  in  classify* 
ing  observations  collected  from  every  qiiarkT,  whe?i  I  was  fortu- 
nate enough  to  meet  with  an  abstract  of  a  very  important  memoir, 
by  M.  BoL  VARD,  of  the  observatory  of  Paris,  upon  this  hulyject,  and 
read  recently  at  one  of  the  annual  meetinfrs  of  the  Helvetic  So- 
ciety. It  IS  upon  the  liourly  variatiujis  the  barometer ;  and 
the  only  abstract  of  it  I  have  met  with  is  that  contained  in  the 
BMiothie^  UniomtBe  finr  18S9»  nor  have  I  seen  it  in  any  oHur 
periodical  work.  M.  Bour  abd,  whose  important  oontiihutioas  to 
meteorology  are  umveBsaDy  known,  has  here  amassed  a  9«at 
addition  to  the  observationB  collected  by  HuHBOLnr;  and  he 
wdffltaiBeB  the  bold  enteiprue  of  xepiesentu^  the  extent  of  i]»e 
oscillation  in  any  latitude  at  any  heii^t  above  tiie  sea,  and  at  any 
period  of  the  day  or  year,  by  an  arbitrary  formula :  but  thouj^ 
his  table  presents  perhaps  more  afiooidanoe  witili  observation  tlian 
might  have  been  expected  from  so  sweeping  a  generalization,  I 
think  there  is  much  reason  to  question  the  accuracy  of  the  formula, 
which  is  founded  on  the«e  f  oiuliiions; — that  at  the  <H|iiai<tr  the 
extent  of  the  oscillation  is  proportional  simply  to  the  tempera- 
ture, on  the  centigrade  scale,  of  the  jicTiod  during  which  the 
oscillation  is  observed  at  the  given  spot,  the  oscillation  and  tem- 
perature at  the  level  ci£  the  sea  being  unity ; — that  in  any  other 
htitode  the  same  law  is  to  be  modified  by  introducing  thead£- 
tional  proportioiisfity  to  l3ie  square  of  the  cosme  of  the  klilnde. 
Or,  representing     m  and  t  the  tide  and  mean  temperatore  at 
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any  place  and  for  m\\  period,  in  latitude  6 ;  and  by  m'  and  /  those 
quantities  at  the  equator,  M.  Bouvabd  gives 

By  thiB  the  odluinn  of  calculated  results  in  the  table  I  now  sub- 
join  has  been  oomputed»  tibe  tempemtures  in  which,  it  is  to  be 
observed^  are  not  the  mean  temperatures  of  the  place,  but  of  the 
hours  included  in  the  great  period  from  9  or  10  a.  till  3  or  4.  p.m. 
I  must  also  remark,  that  where  the  number  of  daily  olwiervations 
was  considerable,  M.  Bol  yard  has  made  use  of  a  formula  depend- 
ing on  the  sine  of  the  diurnal  arc.  The  apphcation  of  this  for- 
mula is  very  briefly  noticed  in  the  abstract  to  which  T  allude; 
but  it  appears  to  have  been  almost  entirely  confined,  to  iiiter- 
tropiGal  observations,  where  the  oscillation  has  frequently  to  be 
diminatecl  fiom  llie  iitegalar  observations  of  a  &w  dsys.  In 
northern  latittides  I  have  generally  found  the  amount  nnattered 
from  the  ori^nal  announoement  in  the  vazions  publicatioiis  to 
idnch  these  scattered resnltg  have  been  confined.  Ihaveadded 
to  this  valuable  table^  whicih  contains  many  results  previously  im- 
puUished*  a  fiefw  renuurks  as  they  occuned  to  me. 
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TABLE  qftAe  First  Period    the  Hourly  Variatiem  qf  the  liarumeUr,  reduced  to  tie  Equator  at  the  Level 
if  He  SeOfb^M.  BovTMift  JbriiiMfa.   EqttakiHti  Tui^  a  80*  Cad. 


uwAi'tTtia. 

Luitudi. 

OKlUMiaM 

lUduoiS 
to 

0  1 

0 

MUUm. 

MliUn. 

Dupency* 

Qfiak,  3  days  obtn^ation, 

» 

* 

10 

0  2 

28,0 

26,0 

2.93 

3,14 

From  MS.  obs. 

Bkwak,  4  fuiys,  . 

• 

• 

10 

0  2 

2,61 

.S.Ol 

Ditto. 

La  CondttBliie. 

Qaito,  doubtful  observatiomh 
Anttsana,  a  single  day,  waadie 

S907 

0  14 

16.5 

2,25 

4.09 

Hnflaboldt. 

Humboldt 

r  unflmMur. 

4098 

0  33 

8,5 

0,97 

3,42 

DiCbK 

Catdn-i. 

Po|>iiviin,  \  (Jjiv.i, 

1776 

2  26 

18,0 

2,07 

3.45 

Dittik 

Jacquiu  Purcro. 

.St  Louis  Mitrjintuui,  a  year,  Engl.  Bar.  I 
^vithout  thcrmometrical  correct  (<"),  l" 

10 

s;  so 

2q  0 

S  70 

3.03 

Oriff 

Humboldt. 

Ibague,  .'5  (iavs, 

4  2fi 

2i,0 

2,59 

3,72 

Humboldt 

Caldus. 

8aiu;i  Fc  de  HoRotn,  19  successive  months, 

2660 

4  36 

17,0 

2,10 

riitto 

BouMingaiilti 

Idem,  by  more  Uuui  lUOO  observations. 

— 

— 

17,0 

2,30 
2,66 

4,(/y 

liitto. 

Dupemjp. 

Payta,  5  days  W, 

10 

5  6 

27,0 

NLS.  obs. 

Idem. 

Ascension  (Isle)  3  d»a,  6       ta  6  r.u. 

10 

7  55 

28,0 

2,49 

MS.  ob«. 

Freycinet. 

Coupang,  9  dayi,    .  . 

p 

* 

10 

10  9 

28,0 

2.96 

MS.  obs. 

HumboUL 

CuiDana.  12  daviL   •  • 

• 

* 

10 

10  28 

26,0 

2,55 

8,05 

HumbaUt 

Idem. 

Caneaa.  1 1  dava.  • 
GuAvra  1 1  davfl 

• 

986 

10  31 

21,0 

2,70 

3.99 

Ditto. 

Idem- 

* 

• 

10 

10  36 

26,5 

2,75 

3,82 

Ditia 

Idem. 

Lima,  4  days, 

166 

12  3 

23,0 

2,77 

8,77 

Ditto. 

Idem. 

Callno,  :i  (l;!^, 

10 

12  3 

20,0 

2,28 

3.48 

Ditto. 

SimonoflT. 

O-Taiti,  7  tlays, 

10 

17  29 

24.0 

2,15 
1,80 

2,95 

Zach,  Corr.  Astr. 

Humboldt 

Mexico,  3  days. 

Port  Louis,  file  of  France,  SO 

3231 

1926 

17,0 

s.:,7 

HumlMiIdt. 

Frev«net 

davB. 

10 

20  10 

89,0 

1,72 

i.Gii 

MS.  ob». 

Diiperrt'V- 

Idem,  4  days,         .  . 

• 

* 

— 

— 

'il-,0 

1.92 

2,73 

MS.  obs. 

Ficycinet 

Rio  Janeiro,  2  days,  . 

« 

10 

24.2 

2,58 

3,77 

MS.  obs. 

Dorla. 

Idem,  12  months. 

« 

• 

— 

— 

— 

2,33 

3,39 

Humbdidt. 

Husscll. 

Berfaampour  (India},  £  yMTl^ 

■«««•■ 

24  4 

24,0 

2,23 

3,42 

PhiL  Trans. 

i'rinsep. 
CouteUft 
FrejrefaNC 

BaiUM,  3  yean, 

• 

* 

25  SO 

26,0 

8,69 

3.81 

Ditto. 

Cmot  85  daj% 

Port  JadCMO,  19  days,  . 

• 

• 

• 

10 

SO  3 
33  51 

22,0 
21,0 
16,0 

1,89(0 
1.71 

3,44 

3,52 

MS.  Aa^  ^ 

Chnnbart 

ManeilUa*  5  years, 

a 

46 

43  17 

0,83 

2,94 

Cami.  dca  Tcoqpa, 

Marqu6  Victor. 

Vals. 

Toalonse,  4  years, 

156 

43  96 

15,0 

1.00(J) 

S.8I 

Acad.  Toolooie. 

Nismes,  1  j'car, 

65 

16,5 

o.ys 

Orig. 

D'Hombret  FinoAS. 

Al«i»,  J  yturn. 

132 

U  7 

lG,j 

0,99 

Ditto. 

Gaaparin. 

Orange,  5  years,  . 

m 

a 

■14  8 

0,85 

3.00 

Dittoi. 

Billiet. 

Chambery,  18  m<mth«. 

a 

• 

26? 

14,0 

1,00 

4.37 

Acad  Chambery, 

St  Bernard,  5  years  (f ), 

• 

■ 

2Kn 

4.-)  42 

—0,7 

+0,046 

4.04 

Bibl.  Univ. 

Baznond. 

Clerroond-Fcrratul,  7  yean^ 

• 

410 

45  46 

12,5 

0.94 

4,53 

Mem.  de  I'lnatit 

Geneva,  3  yt-ars,  , 

■ 

• 

407 

46  12 

12,8 

0.74(/) 

ItibL  Udv. 

Bevers  (SwitBerlaod),  , 

» 

1657 

46  84 

0,40 

3,81 
^Kt 

Oriff. 

Fueter. 

Berne,  10  yean,     .  , 

• 

53S 

4657 

1«,0 

0,90 

Ba>L  Univ. 

Homer. 

Zurich,  I  year, 

• 

405 

47  82 

13,0 

0.88 

4,43 

Dittob 

St  Gall,  I  year. 

• 

635 

47  26 

11,3 

0,56 

3.34 

Dttto. 

HerreDtchneider. 

^trasbarg»  IS  yeaf^ 

• 

• 

150 

48  35 

13,0 

0,88 
0,76 

4,29 

Orig. 

Bouvard  a!n6. 

Paris,  IS  veaTB, 

La  Chapelle,  8  years. 

48  50 

13.8 

.S,S1 

Mem.  de  I'lnsth. 

NelldeBttmiM. 

\r,i 

11.5 

0,49 

S,07 

Orip. 

Crahay. 

Maestricht,  9  years. 

5'2 

.-0  r,  1 

13,0 

0,57 

3,30 

Qiiftelet. 

Royal  Sode^. 

London,  I  yvarig),  . 

■ 

30 

5\  i-'<J 

12,6 

0,57 

3,50 

PhiL  Trans. 

Sominer. 

K()Mip>berg,  H  yearii. 

.■?() 

54  4'2 

6.0 

0,20 

3^:7 

Hvunboldt 

(a)  On  ."irfnunt  of  the  want  of  an  alli»ciietl  tWnuDineter,  this  lerirt  mifrht  to  Im?  li  iMTirikil. 
I'j)  Mu<lilicil  (mm  the  result  KiTen  by  Humboldt,  lUl.  Hint,  ill  ai  ' 

(c]  Thill  amount,  somewhat  dmereot  from  that  giveu  by  HumboUt,  aj>j>ears  to  be  the  result  of  a  new  analysis  of  the  original  observa. 

tinoa  la  tba   T^agt  d*%ratai" 

(d)  This  Is  swalfcr  than  was  or^faaally  sarigned  by  Marqu^  Yktor— Sae  |  IS.  JfMb 

(r)  Tbow  are  the  fint  five  of  the  yean  ^ven  in  §  1 1,  with  tha aiaafAimaf  13ll<  By  a  more  extandtid  and  sy itemslic  reduction  from 

the  Tabic  there  given,  I  find  the  amount  to  be  -I-  .OW  liaaa  a9*i*^MIii. 
(/)  There  it  probably  some  miatakc  in  assigning  A.94  attlw  amount  at  Geneira.    For  tkeyaua  13MLR,  la  wUdi  ]C  Bauvud  aniit 

prubablr  hove  rercrred,  it  was  0<^.86  ;  andAenieaD  of  five  rear»,  IBitiSO,  givaaf^i^il. 
(t)  It  wlUbaMutby  g7.thatUictiiaanofftw7iinfBTOJtt»iadi.  »0-'>^^ 
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II.  I  have  now  some  more  particular  observations  to  add 
upon  the  theoretical  part  of  the  Table.  1st,  I  conceive  tliat  it 
is  little  to  be  expect^xi,  or  perliap.s  desired,  that  ono  formula 
should  represent  the  decrement  both  ia  latitude  and  lieight,  and 
the  chan^^e  at  different  hours  and  seasons,  which,  even  in  the 
much  better  known  facts  of  terrestrial  temperature,  has  never 
been,  nor  satisfactorily  could  be,  executed.  I  conceive  that,  in 
the  purely  physical  bearings  of  the  question,  the  oustenoe  of 
sucli  ft  oomnuni  law  would  be  surprising  because  such  a  coiiido 
dence  must  ha^e  been  deffhred  finnii  the  concunenee  of  indepeo- 
deot  agencies.  9dt  The  observatioiiB  at  coiwidcrable  heighti^  in 
different  latitudes,  aie  too  few,  too  brie^  and  too  inoonsistent,  to 
affi>id  us  my  thing  like  satisfactoiy  results.  Fw  enmple»  the 
observations  at  Caracas,  at  a  height  of  8000  feet,  give  a  greater 
amount  of  osciUation  than  those  at  Oumana,  at  the  level  of  the 
sei^  at  the  same  latitude.  M.  Bouvard  proposes  his  formula 
as  capable  of  expressing  the  variation  observed  at  any  period  of 
the  day  or  year,  and  has  shewn  that  the  ratio  of  the  ditierent 
mean  tpTn|x>ratures  of  the  periocls  of  forenoon  and  evening  oscil- 
lations, corrtbpoad  tolr^rably  ncaily  with  that  of  the  observed 
amount  of  these  oscillations,  at  least  in  I'^urope ;  but  I  would 
ask,  Why  do  not  the  great  differences  of  temperature,  corres- 
ponding to  the  s^fions,  give  the  ntnikediesditB  iriiidi  his  fennithi 
would  suppose,  producing  a  tropical  amount  in  summer,  and  an 
aretic  one  in  winter?  At  Parity  for  instanw^  where  the  mean  of 
the  summer  tempetatuze^  that  is^  of  the  months  of  Jun^  July, 
and  August  iB^MOidtng  to  Humboldt*,  18°.1  Cent;  and  of 
the  winter  mcaitlu  (December,  January,  and  February),  3^7 
Cent,  the  ratio  is  4.9  :  1 ;  whilst  the  corresponding  oscillations^ 
which,  according  to  M.  Bouyabd's  formula,  ought  to  have  the 
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same  ratio,  are  OJGO  and  0.685,  or  as  1.1 : 1, — this  ratio  being  less 
than  onc'jtMiih  of  the  other.  Yet  the  Paris  observations  for  the 
barometric  tide  are  among  the  best  we  possess ;  and  these  nunio 
bexs  are  a  mean  tietm  the  registefs  of  eleven  years.  Again,  at  the 
"wry  important  station  of  the  Grand  St  fiemard  (to  which  M. 
BouvARD  strongly  appeab  in  support  of  his  finrnuh)*  where  the 
mean  result  is  ne^rfive  with  regard  to  the  oadWatwm  at  dielevd 
of  the  sea,  the  mean  temperature  of  the  year  being  below  0**  cent.» 
therefore  ri|^tly  eaqpressed  in  the  preceding  Tables  we  should 
have  a  very  striking  differenee  of  result  in  summer  and  winter. 
The  temperature  of  the  three  summer  months  being  about  + 
cent.,  and  of  the  three  wiiitcr  months  about  —  6°  cent.,  the  first 
should  give  a  considerable  positive  oscillation,  the  latter  a  consi- 
derable tiegutive  one.  Let  us  see,  therefore,  how  the  case  stands. 
For  this  purpose,  I  shall  classify  under  the  seasons  the  whole  of 
the  monllil^  rei>ult»  which  have  been  pubUshed,  and  of  which 
the  last  five  years  are  complete.  The  sign  of  +  iu  the  following 
Table  mdioates  a  rise  hetween  9  and  8^  that  of  a  £dl:  the 
former,  dioefore^  ii  to  be  considered  nqitifitie  with  regard  to  the^ 
ordinary  couis^  since  the  barometer  rises  when  it  usually  fiiUs  at 
the  levdi  of  the  sea.  I  may  add,  thal^  by  taking  the  mean  tern, 
peratuze  of  the  day  in  place  of  that  of  the  particular  period  in 
computing  the  oscillation  I  v  M.  Bour^Rn's  formula,  heie  and  at 
Paris,  we  are  doing  it  no  injustice^  ai^  though  the  siunmer  and 
winter  terajwrature  would  both  be  somewhat  higher*  the  ratio 
would  be  almost  the  same ;  and  it  is  about  no  evanescent  difie- 
rences  that  we  are  disputing. 


•  In(!ml  there  itwins  much  reason  to  doubt  whether  the  period  of  ffu-  clav  uU 
luded  to  ha!i  a  mean  temperature  below  0''  cent  If  it  has  not,  M.  Bouvard's  fi>r- 
nraU  would  tptallj  fin),  h  the  eqiutorial  owfllation  would  come  out  with  a  wrun^ 
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CONTENT  OF  TU£  6BAND  ST  B£ILNABJ>. 


Yen. 

March,  April,  Mny. 

AvnrMir. 

1821, 

I 

—  o.os 

—  0.09 

—  0.14 

1822, 

(  +  0.04 

4  +ao6 
(— 0u08 

—  0.01 

+  aii 

—0.06 

—  0.1.5 

—  0.12 

—  015 

r— 0.05 

-!  +0.09 
(  +  0.11 

—  0.09 

—  0.07 

law. 

C—  0.01 

}  +  0.07 

+  085 

+  an 

—  088 
000 
+  0.1S 

—  004 

—  OOT 
+  O05 

lanr, 

(—  0.02 
-I  +  0.11 
(  +  0.08 

+  0.06 
+  0.01 
—  0.04 

—  0.05 

—  0.08 
— O08 

—  0.02 
+  0.51 
+  0.06 

law, 

(  +  0.11 
-1  +  O.OG 
(—0.08 

+  0.07 
+  0.19 
+  0.06 

—  0.01 
+  0.03 
+  0.12 

—  0.08 
+  0.05 

—  OOl 

1828, 

f  +  O.U 
J  +O.Oti 

i— oum 

+  0.07 
+  0.19 
4. 006 

—  0.01 
+  0.03 

+  oiit 

—  0.03 
+  0.05 

—  OOl 

1880, 

f-.0.8« 

J  —  0.1  g 
(  +  0.09 

+  0.05 

+  0.04 

—  0.01 

—  O08 

—  O07 

—  0.18 

—  014 

—  0.08 

Sum, 
Mean, 

+  0.88 
+  0.018 

+  IM 
+  0060 

—  0.56 

—  O.08S 

—  O60 

—  O0I9 

It  can  hardly  require  a  word  from  me  to  point  out  how  well 
the  individual  results  justify  the  deductions  of  the  mean,  so  tliat 
there  are  only  three  —  results  in  the  summer  period,  ami  only 
yftT  +  in  the  winter  one ;  therefore,  instead  of  an  oscillation 
corrcsj)OTuiiiig  to  the  Temperate  Zone  m  summer,  and  to  the 
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Avetic  R^ona  in  wmter,  ire  We  preoiady  the  leveise.  It  is 
hardly  neoeBsaiy  to  zemark,  how  totaify  opposed  this  is  to  the 
theoiy  of  M.  Bouvard  *. 

12.  I  would  ttsBMxltf  JwrthJ^  upon  M.  Bouvard's  formula, 
that,  by  fixing  the  mean  tonpezature  from  which  he  calculates 
his  numeric^  results  at  the  mean  of  the  period  from  9  a.  m.  to 
3  r.  >r.,  he  has  given  himself  certain  limits  of  which  it  is  almost 
impossible;  i'oi*  a  speculator  not  to  avail  himself,  and  which  must 
be  at  all  tirni  >  unsatisfactory  on  account  of  the  great  want  of  the 
thermoiTH  tncal  observations  lor  fixing  the  mean  temperature  of 
any  particular  portion  of  the  day  in  so  many  latitudes.  I  have 
to  observe,  in  the  lust  plac^  that  the  results  are  tui  from  satis- 
&ctory  eren  when  iSbB  difficulties  of  the  subject  are  considered. 
By  oonsultiiig  the  last  eohimii  of  the  table  already  given,  m 
find  the  deductioii  of  the  Ibimula  Ibr  the  osdUatkm  at  the  Equa- 
tor lange  fiom  to4*8S  mOImietres ;  and,  whatismse^  that 
the  +  And  —  errors  from  the  mean  are  not  well  balanced 
thioagbout  the  quadzant  of  latitude^  but  that  there  is  a  general 
rise  in  their  value  as  we  proceed  farther  iirom  the  Equator.  As 
it  is  undeniable  that  the  tropical  observation^  firom  the  small- 
ness  of  the  reductions  required,  affiird  the  most  correct  lesult^ 
I  am  strongly  of  opinion  that  the  mean  of  his  numbers  would 
give  us  an  equatorial  oscillation  greatly  above  the  truth.  By 
looking  over  M.  Boi;vari>'s  tJible,  we  shall  find  not  a  single 
authentic  series  of  observations  giv^  an  oscLUation  of  three  mil- 
Umetres  (we  except  the  observations  at  St  Louis  Maranhan,  which, 
wanting  the  results  of  the  attached  therniomcter,  should  be  dis- 
carded), the  maximum  being  2.93,  wliich  occurred  at  the  very 
Equator.  Humboldt  considers  S.3  millimetres  the  extreme  limit 


•  In  1829,  tlie  mean  temperature  of  the  seasoas,  distributed  ivs  alwvc,  was — 
1^5  IL  +  i°.8  R.  +  O'.S  B.,  and  —  4°.6  R.    In  1830,  it  was  culder,  a5  luUows: 
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ftr  the  Equator ;  and  I  beUeve  time  is'no'Mries  in  exutenoe^  eon- 
tinned  Ibr  several  days  together,  which  gives  such  a'XiieB&  xetnk* 
Tlie  observations  of  Dupbxkby,  at  P^yta,  wfaiefa,  by  Homboldt's 
ladds^  was  lottaied  at  so  extreme  an  amount  as  has  dwindled, 
hy  ihe  anatjnis  of  M.  Bouvaed^  to  which  i%  in  sill  probabilily, 
^  very  oorreet  result ;  and  my  own  opinion  that  future  obser- 
vations will  liniit  the  eqaatorisl  iisciUation  to  3  millimetres,  or 
perhaps  even  lower,  except  in  anomalous  sitwrtaons.  Now,  the 
result  of  the  table  we  are  discu!?sing,  generally  gives  an  oscillation 
nearer  4  than  3  millimetres :  hut  hat  is  remarkable,  the  lar^r 
numbers  occur  only  where  the  uiiomit  of  rcdnction  is  considerable. 
Thus,  coniining  ourselves  to  ol  ist  rvations  not  at  extraordinary 
height?  above  the  level  of  the  sea  (that  is,  under  2(X)0  metres),  we 
do  not  find  a  single  observation  under  latitude  45".  affording  an 
equatorial  oscillation  amounting  to  4  nuUunetres ;  w  liilst  between 
45"  and  55",  in  less  than  half  the  number  of  localities,  we  have  no 
less  than  five  results  above  4  millimetres.  This  alone  indicates 
something  wrong.  Had  M.  Bocvabd  limited  his  passion  for  ge> 
neialiaation  to  the  law  of  laHtude  only,  he  would  easily  have  given 
a  nearer  appnndmation ;  this  was  what  I  had  proposed  to  under- 
take before  I  had  the  good  foirtune  to  meet  with  his  psper,  and 
iriiat  I  afterwards  executed  with  the  aid  of  his  data. 

Id.  As  M.BouTABD  has  presented  us  in  his  table  with  a  eon- 
nderable  number  of  unpublished  results,  which  I  was  luiwiUing 
to  lose,  I  have  trusted  tn  the  sivill  and  fidelity  of  the  author  in 
deducing  the  numbers  which  he  has  given  as  the  observed  amount 
In  his  tidile.  From  observations  continued  but  a  few  days,  and  at 
irregular  hours,  it  requires  some  labour  and  judgment  to  obtain 
the  truest  results.  It  is  therefore  almost  entirely  in  equatorial 
results  that  M.  Bouvart>  differs  in  his  numbers  from  the  quan- 
tities alrt  iidv  assigned  by  such  observers  as  have  pubhshetl  their 
registers,  and  from  a  very  careful  and  extended  com]>arison  which 
I  have  made  with  the  ongiuaiiy  published  synopses  of  observations 

z2 
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nude  in  ibe  Tesapetabd  Zone,  I  ravdy  find  any  changer  made 
upon  tiiem  *.  The  table  given  in  Sect.  10  has  dierefiire  been  my* 
guide,  as  far  as  absolutely  observed  results  are  there  gjivm;  and 
it  would  be  unjust  not  to  add  here,  that  M.  Bouvard  deserves 
the  thanks  of  all  who  take  an  interest  in  the  subject,  for  the 
spirited  aiul  vahiable  paper  from  which  tiie  table  is  extracted, 
and  for  the  unpublished  or  scattered  results  which  he  has  there 
combined,  as  well  as  that  his  particular  th^ry  is  proposed  with 
much  diffidence. 

As  my  investigation  extends  merely  to  the  law  of  diminution 
connected  with  latitude,  I  have  confined  myself  to  observations 
near  the  levd  of  the  sea.  The  greatest  exoeption  is  the  result 
of  M.  RAxoim  at  Qenn(mt*Feinind,  at  the  height  of  410  metres ; 
but  the  excellence  <tf  the  obserratiiMis  is  sudi*  and  they  agree  so 
weDinlli  those  in  the  same  paiallely  that  I  could  not  omit  them. 
I  have  added  the  value  given  by  Catptam  Sir  Edwabd  Fabry's 
observatioiis  for  Port  Bo  wen,  and  my  own  for  the  nei^bomrhood 
of  Edinburgh.  My  object  being  to  determine  the  biw  of  vsriar 
tion  with  latitude  which  should  best  represent  a  given  number 
of  trust-worthy  observations  of  the  horary  oscillation,  I  have  em- 
ployed a  mode  of  in%"estigation  similar  to  that  used  by  Mr  At- 
KiKsoN,  in  bis  analysis  of  the  law  of  mean  temperature,  forming 


*  The  principal  demdon  wbidi  I  htve  icnurked  is  in  the  extensive  series  oi 
H.  MABitD^  VicTOB,  at  ToukusB^  whece  dw  obNTratioiii  were  made  many  liniea 
■n^l^,  and  probably  had  M.  Bouvard^s  formuU  of  reducb'on  bt  hours  applied  to  it. 

However,  it  seems  rather  unaccountiible  how  any  formiil  i  of  tfiis  kind  shotilil  iVtmi- 
niah  instead  of  increase  Uie  amount  of  oscillation,  which  it  aciuaiiy  docs  in  tiuii  case, 
unlaw  there  be  aonw  numeiieal  iniiitBlrifi  the  amoanC  derived  bjr  M.  MMtwd  Vio- 
TOE  (and  whicli  I  Imve  verified  as  far  as  the  combination  of  the  annual  means  it  OM^ 
ccrnod)  Ixing  l-^^.SO;  accorditifr  M.  Bocvard  it  is  1™™.00.  As,  however,  M.  Botr- 
VAED  treats  this  as  the  best  dctcrmintid  point  in  Europe,  it  is  probable  that  he  had 
canfidly  cxanibed  di»  taUeahillie  JfmwHwdlrrJMNlmfede  TMI^  later 
volunes  of  which  I  b«v«  not  been  &rtuiuite  enot^  to  an. 
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part  of  his  elaborate  paper  upon  Astro nnniicjil  Refraction??,  in- 
serted in  the  aeocmd  volume  of  the  Memoirs  of  the  Astiommiical 
Society. 

14.  I  assumed  the  form  of  the  function  of  the  latitude  which 
expr^s^  the  oscillation,  to  be  some  unknown  jxtwer  of  tin  ct>- 
sine,  aiiected  by  au  unknown  coefficient,  and  constant.  1  hese 
qnantitiM  are  ibatibn  to  be  dimfaated  from  thnse  or  more 
equatioiu^  derived  from  obeervBtioD  in  didfisieiit  parts  of  the 
globe.  Let  the  barometric  oBcaUatkm  be  refnesented  by  »^ 

in  latitudeB  9^  6^  $,„  respectrrdy :  then,  denoting  by  » the 
unknown  power  of  the  oosin^  and  by  •  avd  C  the  other  ooi»< 
stants,  we  may  lepamte  the  first  <^  these  unknown  quantities 
from  three  equations  of  the  ibim  z^m  oos"  by  putting 
them  under  that  of  ^^^^  =  cm*,    cmn,     Whence  the  vn- 

hie  of  «  may  be  deduced  by  appradmation.  For  this  purpose, 
I  adeeted  nine  values  of  z  from  the  list  of  obsmed  osc^tiona^ 
and,  fiw  greater  oonvenienoeof  caknlation  and  tabulation,  I  diall 
emptloy  these  durmg  the  rest  of  this  p^ier  in  the  fim  of  miOh 
mefrefy  whidi  in  ftc^  rinoe  HithboI'Dt  wrote^  have  become  the 
most  oommon  units  of  measure  ibr  these  results.  These  num- 
bers were  not  in  general  nn|^  result^  but  were  oombined  from 
several  in  such  a  way  as  appeared  best  to  correct  aoddmital  irre^ 
gularities.  Three  observations  nearly  equatorial  were  iakm^ 
three  towards  the  tropun^  and  three  in  liig^  latitudes,  as  Mow: 


Let 

Ascension,     7  fiSS.  2.43 
K,    10  ft&  S.96 


Isle  of 
France, 

Rio  Ja- 
neiro 


OkSL 


Cumana,  10  28  N.  2.55 
LsGuqriv,  10  S6N.  a.75 

HflW,  loss  HjU 

Cairo,    .   30°  S  N.  l!^ 


Lift.  OwUL 

Lima,  123S.  iLTl 
Calho,  »S&  sue 


Mean,  21  22 


Horn,  Ift  9 

Port  -» 

Jack- J.  33  51 S.   U  i 


8.49 

OteUL 
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N.  Lat.  0*aU. 


Iianeilk8>  43  17 

Tmilowe,  43  86 

Strasbrug,  48  85 

Paris,   .  48  60 

Mao,  46  4 


0.83 


Mai^slricht,  60  61 

1.00     Ivondon,  51  29 

0.83    Konigsberg,  54  42 

0.76    Edinburgh,  55  55 

a86 


OmU]. 

0.67 
0.57 
0.80 
0.je7 


Mean,  53  14  0.40 


9  * 


Sdectmg  nine  of  llie  poaaUe  cnnbiiiatkiiit  ihteea,  we  ob- 
tain the  fikUowing  values  for  »: 


Lat. 


9 

SI  82 
46 


Lat.  9 


8 

08  U 

9 
88 
78 


5lUts 


LaL 


Lat 


Lat 


10  83  > 

m  bU=i.6 

53  U) 


LaL    12  3 


10  33) 
88  81  Us: 

73  48) 

10  881 
M  MVfis: 
46  4} 


4S 


Lat. 


LaL 


12  3) 

S3  51  Us:  14 

73  48) 

|«  =  8. 

12  81 

80  sUbOJ 

88  14j 


12 
21 
46 


3 
22 
4 


Hcan  value  of  1^  =SL80y  cr  about  |k 


15.  In  Older  to  modify  the  co-efficient  and  oonstant  in  the 
antntmy  formula,  so  as  best  to  agree  with  observation,  we  shall 
select  a  series  of  observations  from  M.  Bouvabb's  TbIiI^  whidi» 
from  their  intrinsic  merit,  or  from  their  representing  accuratdy 
a  group  of  minor  observations,  shall  seem  best  fitted  tQ  give  ac- 
curate results.  We  shall  first  take  an  approximate  value  of 
a  and  C  from  the  observations  at  C'limnna  nrifl  Toulouse,  which 
represent  pretty  nearly  the  whole  of  the  rest.  Jf  rom  them  we 
obtain  the  two  following  equations : 

lJX»=«eaa^48  86+Cs.446«+C 

Substituting  these  values  in  the  expressions  for  the  selected 
oscillations,  we  obtain  the  following  approximations : 


Digitized  by  Google 


tfthe  Barometer  near  £dinbur}g^ 


179 


Lai 

litiiaa> 

Oacllklion. 

_ 

OfasMved. 

4  1  _ 

Approx*  Cue- 

Payta,  .... 

• 

V 

— onS 

10 

2.55 

2.55 

0.00 

Otahot^  .... 

17 

29  S. 

2.15 

2.33 

4-0.18 

Imof  Fnnee,  .  . 

20 

10  s. 

1.82 

2.23 

+  0.41 

Rio  Jantaro^  .  .  . 

9SL 

54  S. 

8.45 

—0.84 

Cairo,  ..... 

80 

S 

1.89 

1.7« 

— 0.1S 

Toulouse,      .    .  . 
ClermoDt,     .  .  . 

43 

36 

1.00 

1.00 

000 

4o 

Mi 

0.94 

0.88 

—  u.oG 

PariB^ 

48 

50 

0.76 

0.71 

—  0.06 

Maestiicht,    .    .  . 

50 

51 

0.57 

0.61 

+  0.04 

Koniesberg,  .    .  . 
Edmourgh,    .    .  . 

54 

43 

0.90 

0.42 

+  0.22 

65 

6.5 

0.27 

0.:3G 

+  0.09 

Fort  Boweoy      .  . 

78 

4» 

—0.22 

—  0.23 

—0.01 

It  is  well  wortliy  of  r(^m;irk  upon  tlie  preceding  Tablei  that,  by 
means  of  the  constants  derived  solely  from  the  employment  of  ob- 
servations in  Latitudes  10**  8'  and  43°  36',  which  ha\'e  boih  sign 
of +,  we  obtain  a  result  for  Lat.  73  48  IS .  not  merely  giving  a  sign 
of  — ,  but  agreeing  in  amount  with  singular  precision  witli  that 
which  observation  affords,  pronng  fhat  a  negttUoe  octd]]ati<ni,  in- 
stead of  being  in  any  way  anmnalous^  is  notlmig  else  thsn  we 
mi^t  hsTe  inftiKd  d  priori  fat  hi^  ktitudes. 

16.  In  Older  that  tiie  constants  may  eiqfHEesB  tbe  genend  le- 
suh  of  all  these  thirteen  oibservatifloa  in  the  beat  possible  man- 
ner, WB  must  reduce  the  sum  of  the  squares  of  the  emts  to 
a  minimum.  Let»+»''  and  (+C  be  the  new  vahies  of  the 
constants  i^on  this  supposition;  let  also  e  be  the  enor  of  the 
above  tables  and  £  the  reduced  error.  We  tbenhanre 

(«  +  •')  cos  »*  + (C  +  C) —»=E, 

and  therefore, 

a'cos^  «  +  •  +«3E| 

which  gives  the  following  thixteen  equationa  of  condition : 
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.090  «'  +  •'_  . 02  =  F., 
.959  d  +  i'  =E„ 
.889-'  +  ?  +  .18  =  E,„ 


.407-'+:— .06  =  E„„ 
.8Sa^+  C  — .05  =  E,. 
.»7i^  +  «'  +  .04  =  E, 

.235«'  +  C'  +  .0g=E„, 
.0*1.'  +  C  — .01  =  E«, 


Froini  whicliy  proceeding  by  Legendre's  method  of  minimum 
sqnares,  we  shall  deduce  a  =  .0106  and  =:  —  .0254,  which,  be- 
ing substituted  in  the  general  equation^  together  Ivith  the  values 
of «  and  C  found  afaov^  it  becomes 

xssSjOSI  «mW— J81  ftr nilliiMtici, 

=  .1199  eos^  «— .0150  for  Englnh  Inches. 

Tlio  formula  for  nuUiiuetres  being  applictl  to  tlie  observa- 
Uona  already  discussed,  we  obtain  the  following,  as  the  7iearest 
possible  results : 


latitude. 

OdnilM«L 

o 

MHikneUc*. 

Payta,  .... 

5 

6S. 

2.66 

2.620 

—  .04 

Cumona,    .    ,   •  . 

10 

S8 

«.55 

9. 535 

—  .02 

Olaheile,    •    .    .  . 

17 

29  S. 

2.1,3 

2.312 

+  .16 

Isle  of  France,   .  . 

20 

lbs. 

1.82 

2.206 

+  .89 

Rio  Janeiro,  .    .  . 

22 

ff4& 

2.45 

2.087 

—  .36 

Cairo,  ..... 
Touloua^     .    .  . 

SO 

3 

1.S9 

1.732 

—  Ad 

43 

86 

l.OU 

0.971 

—  .m 

Clermont,     .   .  . 

45 

46 

09* 

0.851 

—  .09 

Paris,  

48 

50 

0.76 

O.G8;T 

—  .07 

Mau^trichl,     .    .  . 

50 

51 

0.57 

0.579 

+  .01 

KunigsU^rg,   ♦    .  . 

ryi 

42 

0.20 

0.388 

+  .19 

Edioburgb,   •   .  . 
Port  Bovcn,     .  . 

55 

55 

OJ87 

0.332 

+  .06 

7S 

48 

— OJW 

—0.256 

—.04 

By  vefenring  to  Plate  VII^  ihe  obserred  osdllatioDaiirill  be  finmd 
prcgeeted  by  means  of  round  dots,  tibe  distances  of  ivfaidi  fiom 
the  line  AX  lepiesenting  the  qnadzant  of  latitude^  Indusate  the 
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amount.  The  curve  YMy,  drnun  through  these  points.  V  \  be- 
ing the  nxis  of  the  ahsci.ssa?.  A  \  tUat  of  the  ordinates,  rc))!  (.  seiits 
the  fonmila  ol'  .^rc^itest  pro! )Liliility.  just  fouml.  Since  tbc  oscil- 
lation iK  iotiu  s  iicgative.  tht  ic  must  lie  some  |ioiiit  M  vvliere  the 
curve  crosses  tlie  axis,  oi  uliere  the  oscillation  is  —  0.  Tliis  la- 
titude, w  hich  may  be  denoted  by  L,  is  rCiwlily  found  by  equating 
the  value  of  z  to  zero,  which  gives 

CM  L  =  %  aud  L  -  64  8- 6-. 

By  patting  ^If = 0  and  9  —  90%  we  obtain  for  the  equatorial  oecU- 
btion,  or  AY,  T'^.GoO ;  and  for  the  polar,  or  Xy, — (T'Ml ;  or 
.119  and  .015  English  inches. 

17.  By  means  of  the  formula  s  =  «  «»»  ^  +  S  (putting  for  a 
and  C  the  corrected  numbers),  we  may  further  deduce  the  mean 
amount  oi'  the  atmospherir  tide  for  tlic  (|unclrnTital  nrc  nf  the 
mcri('iaii,  and  likewise  eoi  iH  speiKliiig  to  the  entire  sui-iiice  of  n 
heiiij  j>here.  In  the  first  t  a  t  ,  ii^  mean  value  will  correspond  to 
the  inte«n-?il  of  z(h\  taken  between  the  limits  D  —  0  and  Ozz90% 
and  divided  by  the  iengili  ol  the  qUiidiaot  oi  latitude,  or 

In  ihe  second  casei,  we  must  mtioduee  the  exptession  for  the 
length  of  the  parallel  of  latitude}  and  divide  the  integral  taken 
wil£in  the  same  limits  as  befinci  by  the  smfiM  of  the  hemi> 
sphere,  that  is, 

 1^^  J.  = J  («cos^  iH-CcwO^c- 
Sincc  we  have  employed  w  —  |,  the  integration  of  lioth  these  ex- 
pressions comos  under  that  of  elliptic  t rans<'en(le[itak ;  bv  a 
simple  alteration,  however,  we  shall  obtain  a  direct  ^olutiim, 
abundantly  accurate  for  our  present  purpose.    ^^  c  luu  c  seen 

that  n  =  £.6 ;  i^  therefor^  we  make  it  =    instead  of  ^and  mo- 
rOL.  XII.  PABT  t.  A  a 
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dify  »  and  we  may  obtain  a  different  expression,  wliicli  hhall 
very  closely  represent  the  observations.  We  bhall  find  for  the 
new  equation 

X  =  9.07  con'  #  —  .86  ai  a  near  approximation. 
The  first  of  the  alwve  integrals  then  becomes 

which,  taken  between  the  limits  ^  =  0  and  =  i  r,  gives  fiv  the 
mean  osdUation,  in  leUtion  to  the  quadiant  of  latitude^ 

i^  — .86  =  091 

The  other  integral  above  given  becoming 

J\jun  «»*  #i—  .86  «M  0  d»» 
there  resulti^  within  the  same  ]imitB» 

3.07. -^sr  — .86=1.45 

for  the  mean  vahie  with  regard  to  the  sur&oe  of  a  hemisphere. 
These  nttmben  correspond  to  homogeneous  columns  of  air 

at  the  ordinar}'  pressure  and  temperature  10^  and  16  metres  in 
height  resjK>etiv(«1y  \n  the  investigation  of  any  supposed  con- 
nection with  temperature  these  mean  results  will  be  of  some 
value. 

18.  I  am  satisfied  for  the  present  with  liaving  jxjinted  out  a 
formula  representing  very  closely  the  observed  amount  of  o^il- 
lation  at  the  level  of  the  sea,  as  depending  upon  latitude.  For 
any  soasesBfiil  geneialiialkn  upon  the  inflnenoe  of  height,  we 
must  wait  for  vastly  more  extended  data  than  we  already  pos- 
sess; and  the  same  lemaiic  is  i^fiplicalile^  thou^  to  a  less  extent, 
to  the  influence  of  the  seasons.  That  tempemtuie  has  an  im- 
povtaat  connection  wiUi  the  geographical  distribution  of  this 
pfaenomenotif  I  have  no  doubt.  It  appears  proT}able,  tha^ 
among  places  under  the  same  latitude^  and  having  difieient 
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luran  tempciviturcs.  the  rolflc^t  has  the  «mnllest  oscillation*. 
We  know  that  in  ascciKlinu  aliove  the  level  oi  the  sea,  they  dimi- 
nish together,  the  curve  ui  teiin»erature  Iwinj?  prok^bly  iisymptotic, 
whilst  that  representinir  the  oscillatiua  would  appear  Lo  cross  the 
axis  at  a  certain  height.  At  present,  I  liavc  confined  myseli"  to 
arriving  at  a  generality  of  the  first  degree ;  the  higher  degrees, 
wliidi  will  etnbvaed  the  tAemmt  ^tenpoMture^  wiU  pidMbly  go 
&r  towardu  an  espkuifiDii  «£tiiB  cause,  inAwkadiihatfktamt 
!b  dertaiidj  needy  Qoiieeified.  Batwe  mutit  be  oontented  to  wait 
in  tiie  mean  time  for  additional  data. 

19.  I  havis  d<in«  petbafia  aa  mndi  aa  ca*'be'«apeet6d  from  a 
aolitaxy  observer  towards  fixing  tl»e  minute  quantity  correspoadU 
ing  to  tliis  latitude.  It  is  ftom  public  and  learned  bodiea  alone 
that  we  can  look  for  registers  of  perfect  regularity,  combined 
with  precision  as  to  the  hours  of  observation.  I  look  with  san- 
guine expectations  towards  the  pf^tahlishment  of  such  a  one  by 
tliis  Soc  iety.  Strm^c  ilniughitbcl  I iclicve  we  may  safely  affirm, 
thill  drcat  llritaiii  docs  iiot  at  tins  momt'iu  pi-uduce  a  ro^isk'r 
worlliy  ol"  ihi'  ]u-f>(.'Ut.  a(l\'aiK.'cti  btate  of  m(-l('(.>i'olo<»y.  Scotlan<l. 
by  her  geogntphiwil  |>osiiioa,  is  well  situated  Jbr  untbldin^  many 
important  phenomena  of  Nature,  and,  amidst  Uie  dihudvuntages 
of  her  inconstant  sky,  o£fers  some  peculiar  iecommendati(Hi8  to 
tihe  zeflfloua  obeerver  both  in  ttieteofotog^  and  magnetism ;  but 
of  these  it  haa  been  her  piMixttaae  to  meet  with  few  <a  none. 


*^  Tbiiis  Kiiuigsbu-g,  lliough  ia  a  lower  latitude,  aj>]>iars  to  have  a  souailef  o^l- 
htian  (wee  §  6.)  than  Edinburgh*  but  dim  the  tcn^ierKtuve  i^peurs  tobeonty 
48' F.  (  A  I  iiioniLsche  Nichrichtcn,  Feb.  1823),  while  that  of  Edinburgh  is  47". 
It  niUHt  Ix;  hardly  iK'CCssary  here  to  observe,  that,  supposing  the  iuw*ii  teniiJeralurc- 
of  a  place  known  in  a  fuuctiuii  of  tlic  lutitutk*,  uiy  formula  odiuilii  of  a  direct  turn- 
oompfldaofi  witb'the  icmpemture  (<)  at  the  level  (tf  the  les.  Thu%  if  Dr  BaxmrxEli 

fbfiinik  of  Is  81.6  cm  I  be  employed,  my  formula  beoones  x  =  ai^—Q;  a  bdng 
a  dew  coefficicBti 

A  a  S 
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liui  ihe  spirit  mutit  be  fostered  by  her  Societies.  "  La  simulta- 
n^t^  et  k  dur^'*  says  an  accomplished  French  philofiopher, 
qpealcmg  of  these  bodies^  que  lew  imlitutioii  doime  k  des  e£- 
ftvta  mortelfl^  competent  la  puiBBanoe  de  la  m^tfaode  exj^jerimen- 
tale.  Elles  aeules  pouvaioit  desonnais  anuzer  la  oontinuit^  du 
ptogrdfl  dea  eonnaiananoea  humainea;  aeules  elles  pouyaieut  d^ 
yelopper  les  gxandes  th^ies,  et  &iie  obteuv  des  r^niltats  qui, 
par  leur  difficulte,  par  In  diyernt^  la  pers^v^ianoe^  et  T^tendue 
des  travaux  qu'ils  exigent,  n'aiuaiait  jamais  4t6  aoeessifailes  pour 
des  individus  *." 

20.  1  cannot  help  remarking,  in  conclusion,  that  this  obser- 
vation was  never  more  completely  verified  than  in  the  hourly 
thermonietrical  observations  made  for  some  years  togetlier  under 
the  auspices  of  this  Society,  at  the  suggestion  of  its  late  learned 
Secretary  Dr  Brewster,  which,  I  hesitate  not  to  affirm,  is  the 
noblest  donation  ever  made  towards  the  progress  of  meteorolo- 
gical science  f.  Valuable,  not  merely  fi'om  the  spcciiic  residts, 
important  as  they  are,  which  it  afforded,  but  even  more  so,  as 
demonstratiiig  llie  susceptibility  of  iSbe  adenoe  to  assume  a  ma- 
tfaematioal  fimD,  and  proving  that  the  confused  obacurity  which 
so  long  oyahnng  the  laws  of  mean  temperature  was  due  to  the 
impeifectioiis  of  our  mode  of  observation,  not  to  any  anomafy  in 
Nature  itsd^  whieh  eipexienoe  daily  mote  Bnafy  convinces,  us  is 
governed  by  laws  equally  immutable,  whether  palpable  to,l]ie 
senses,  or  veiled  by  an  ind^nite  series  of  secondary  causes. 


*  BtoT,  Nodoe  dea  op6ratiop»  enterpriiaw  poor  d^tennliier  h  figiue  de  k  Um. 
■  t  The  results  we  puUiahed  in  the  SocieQr't  TmuMcdoiu^  VoL  X. 
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91,  Since  tluB  memoir  was  lead,  I  have  been  fikvouied  with  a 
oonfirmation,  particularly  interesting,  of  the  idenlaty  of  the  law 
which  legdlates  the  horary  oscillation  in  the  northern  and  the 
soutfaem  hemisphere.  Captain  Philip  P.  King,  R.  N.  permits 
me  to  make  use  of  the  results  deduced  from  his  admirable  MS. 
rejrister  kept  for  six  months  together,  at  Port  Famine,  in  the 
Straits  of  Maj^ellan,  South  Lato3°38';  West  Long.  70"  54'. 
The  following  numbers  give  the  difference  of  height  in  the  ba- 
rometer, reduced  to  32°  F.  between  9  a.  m.  and  3  p.  m.  for  each 
mouth  *  : 


1808,  Fcbriiaiy,  .......  ^.016 

March   —.008 

Afuril,   —Sm 

Ifajr,    ^.0X6 

June,   —.006 

July,   —JMSt 


Mean  OadUatton,  0S07 

Calculated  by  die  Fflimala,  .  .0178 


EnuTt  .  .  — .0084 


The  temperature  was  so  low  (not  exceeding  43°  F.  for  the 
period  from  9  a.  m.  to  3  p.  m.)  that  M.  Bouvaad's  formula  would 
err  very  greatly  in  defect. 


*  The  abstracts  of  Captain  "Kvso'b  observations  are  about  to  b0  pttMiArii  ia 
the  proceedings  of  the  Royal  Geographical  Sodety^  vd.  I. 
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TABhE6. 


Month. 

Num- 
ber of 
OIm. 

!    •--  1 

IOA.K. 

4T.K.  1 

Attach. 
Ther. 

Barom. 

Attach. 
Thcr. 

iiarom. 

At  tilth. 
Ther. 

Jiarom. 

Attach. 
Thcr. 

AtUch. 
Ther. 

Sept. 
Oct. 

Nov. 
Dw. 

r.o 

14.) 
129 

Inrhrn. 

29..'57«7 
29.3271 
29.5311 
29.0804 

().'5.0 

62.5 
62.1 
6:3.3 

Indies. 

—  .0.342 

—  .0050 
4-  .0358 

—  .0040 

—0.4 

—2.4 
— k7 

—5.9 

Incite*. 

—  .0153 

—  .0072 
.  +  .0325 
'  4-  .0049 

4-4.5 

;-o.i 

—  1.4 
—2.3 

liu 
—  .0175 

+  .0339 
+  .0009 

+  1.2 

—  1.4 
—3.0 

—  1.8 

I  nchi-s. 

—  .0024 

—  .0006 
+  .0080 
+ .0029 

0.0 
+  0.3 
—0.6 
+  0.3 

Sum, 

4C2 

117.5153 
S9.3788 

250.9 
62.7 

—  .0074 
—.0016 

—  13.4 

—  3.3 

4- .0149 
+  .0037 

+  0.7 
+  0.2j 

—  .0157 

—  .0039 

1 

—5.0 

-1.. 

+ .0079 
+  .0020 

1 

0.0 

0.0 

TABLE  IL— 1888. 


Month. 

Nun* 
beroT 

Otm, 

10  r.  M. 

1  Ba,m. 

10  A.  >l. 

4  r.M. 

8  r. 

Attach. 
Tbor. 

\ 

Attuch. 
Thi-r. 

Korum. 

Attach. 
Ther. 

Uarom. 

Attach. 
Tlier. 

Itarom. 

AtUch. 
Ther. 

Jan. 
feb. 
Mar. 

April. 
May, 

.JutlL-, 

July, 

Aug. 

Sept. 

Ckt 

Nov. 

Dec. 

151 
142 
152 
143 
120 
132 
126 
131 
86 
128 
144 
117 

liichcA. 

294211 

29.1989 

29.4034 

39.2402 
88LS716 

29.4750 
295492 

29.2393 

.55°.2 
56.0 
57.5 
60.0 
6.3.1 
63.7 
63.2 
63.4 
61.6 
58.8 
63.3 
61.9 

Inches. 

—  .02.34 
+  .0146 
+  .0098 

—.0025 
+  .0108 
+  .0096 
+  .m&6 

+  .oao9 

+  .0121 

—  .0086 
+  .0180 
—.0257 

—±5 
—2.8 
—3.1 
—2.4 
+  0.3 
+  1.5 
+  1.2 
+  1.2 
+  0.5 
0.0 
—6.1 
—5.9 

lOfhCT. 

—.0135 
—.0099 
+  .0088 

+  .0050 

—  .0002 

—  .0084 
— .0<)93 
+  .01.39 
+  .0291 
—.0137 
+  .0245 
—.0004 

—1.2 

—i.ar 

—1.9 

—  1.7 

+  a.2 

+  2.8 
+  1.8 
+  1.8 
+  2.51 
+  2.5 
—1.5 
—3.3 

I  iicite-'i. 

—.0076 
—.0107 
— 0178 

—.0144 
—.0297 
—.0161 
— .018(> 
—.0099 
—.0101 
—.03.30 
+  .0052 
+  .0218 

-2^8 

—3.6 
—2.1 
—  1.5 
—0.3 
+  1.8 
+  1.5 
+  1.6 
+  1.0 
+  0.2 
—0.7 
—23 

-1-  (Xl'.'ll 

+  U)008 
+  .00(16 

—.0021 
— 0082 
—.0135 
+  .0021 
—.0052 
+  .0185 
—.0006 
+  .0038 
+  .0037 

—0.4 
—0.5 

—03 

—o.l 

—0.6 
+  1.6 
+  0.5 
—0.1 
+  0.2 
+  0.2 
+  0.2 
+  0.7 

Sum, 

1572 

1 

352.3773 
$29-8646 

7277 
60.6 

+  .f>;;"i 

+  .0029 

—17.9 
—  1.6 

+  .0209 
+  .0017 

+  2.3 

+o.a 

—  .1409 
—.0117 

—7.2 
—0.6 

f  .Of>15 
+  .0002 

+  2,0 
+  0.2 
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TABLE 


Month. 

Num- 
ber 
Obi. 

1 

Ma.  a. 

Barometer. 

Attach. 
Ther. 

Barom. 

Attach. 
Ther. 

Barom. 

Attach. 

Ther. 

Attach. 
Ther. 

Bmni* 

Attach. 
Ther. 

Jan. 

Feb. 

Mar. 

April, 

May, 

JuDe, 

July, 

Aug. 

Oct. 

Not. 

Dec. 

1S9 

HI 
126 
138 
H7 

51 
107 

79 
117 
12g 
116 

Inches. 

295066 

29.7275 
29. 4-268 
29. 1368 
29  6176 
29.4425 
29.2S.'i8 
29.4656 
29.4712 
29.6093 
29  7644 

68^2 

62.2 

GO.  7 

(yO.H 

61.41 

65.5 

64.7 

64.5 

60.8 

61.4 

66.4 

Inches. 
—.0058 
+  .0324 

—.0055 
— .0,'J,56 
—.0097 
+  .0068 
+  .0078 
+  .0064 
+  .0202 
+  .0079 
—.0273 

« 

—6.8 

—59 
—4.3 
—3.9 
+  0.3 
—0.4 
+  0.8 
+  0.6 
—2.8 
—4.1 
—5.0 

Inches. 
+  .0011 
+  .0473 
+  .0001 

—  .0334 
-.0077 
—.0087 

—  .0022 
+  .0099 

—  .0065 
+  .0306 
—.0848 

o 

—2.7 

—  1.7 
—0.1 
+  0.8 
+  0.7 
+  0.4 
+  0.8 
+  0.9 
—0.3 

—  2.0 
—3.6 

Inchea. 

— .otos 

+  .003.7 
—.0190 
—  .0287 
—.0227 

— josee 

—.0096 
—.0099 
+  .0123 
— 0026 
—.0169 

+o:s 

—1.1 

—1.3 
OO 
—0.5 
+  0.2 
+  0.3 
—0.1 
—0.6 
—1.6 
—2.0 

— .008C 

+  .0O41 
—  0040 
—.0092 
—.0047 
—.0100 
—.0072 
—.0042 
+  .0104 
—.0018 
—.0081 

+  1.1 
+  0.4 
—0.7 
—1.0 
—1.0 
—0.3 
—0.2 
—0.3 
0.0 
0.0 
—0.1 

Sum, 

1222 

324.4020 

G76.6 

,  —.0024 

—31.0 

—.0041 

—6.8 

—.1307 

—6.5 

—.0324 

— «.! 

Mean, 

29.-^911 

61.5 

—.0002 

—  2.8 

—.0004 

—0.6 

—.0119 

—0.6 

—.0029 

—0.2 

TABLE  IV^1880. 


Num- 

10 p.  K. 

8  A.  M. 

10  a.m. 

4  r. 

K. 

M. 

ber  of 
Obs. 

Barometer. 

Attach. 

Ther. 

Barom. 

A  tuck 

TllLT. 

Attach. 
Ther. 

Attach. 

Ther. 

Attach. 
Ther. 

Jan. 
Feb. 
Mar. 

April, 

May, 

June, 

July, 

Aug. 

121 
110 

116 

86 
131 
126 
140 

86 

Inchea. 

29.7290 
29.3549 
29.5025 
29,2313 
29.4119 
29.4197 
29.4428 
298619 

55!l 
67.8 
60.6 
61.0 
60.4 
62.3 
65.8 
64.1 

loches. 

—.0063 
—.0069 
+  .0119 

+  .00f>5 
+  .023.5 
—.0161 
—.0135 
+  .0052 

—3.9 
—6.2 
—2.6 
—1.6 
+  1.1 
+  0.5 
+  1.0 
+  1.8 

Indies. 

—.0487 
+  .0808 
—.0270 
—.0090 
+  .0222 
—  .0292 
—.0158 
+.0086 

— 2°.l 
—2.2 
—0.7 
+  0.7 
+  1.2 
+  0.8 
+  1.0 
+  0.3 

Inches. 

—.0090 
+  .0071 
—.0187 

—.0218 
—.0140 
—  .0321 
—.0144 
+.0009 

—0*5 

—1.1 
—0.9 
—0.9 
+  0.2 
+  0.1 
+  0.2 
—0.6 

Inches. 

—.0069 
+  .0027 
—.0007 

+  .0041 
+  .0039 
—  .0058 
—.0117 
+  .0066 

+  0°.4 
—0.6 
0.0 
—0.3 
—0.6 
—0.2 
—0.1 
—0.7 

Sept.  1 
Oct.  > 

54 

29.2683 

62.7 

+  .0323 

—2.1 

+/Kno 

—Oil 

+iMM8 

—  2iJ 

+  .0198 

—1.2 

Nov. 
Dec. 

128 

62 

29. 18,58 
293108 

69.2 

58.3 

—.0130 

+  .0189 

—2.0 

— S.9 

+  .0129 

+  .04(^ 

—0.4 

—  2.0 

—  .0060 
+  .0119 

—0.8 
—0.5 

—.0061 

+  .0076 

+  0ii 
+  0.2 

Sum, 

1154 

823.1989 

667.3 

+  .0368 

—16.3] 

+  .0131 

—3.6 

—.0668 

—7.0 

+  .0129 

—29 

29.3817 

eo.7 

+.0033 

—  1,6| 

+  .0012 

—0.8 

—.0061 

—0.6 

+  .0012 

—0.8 
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TABLE  V. 


lloDtiii»4Y«pr. 

Number 
of  Obi. 

8  a.m. 

a  p.  K. 

March  1S2S,.... 

April  1828,  

May  1828,  

Miircfa  1829  

April  1829,  

May  1S29,  

March  1H:J0,.... 

April  IHSO,  

May  1880,  

14.'} 
120 
126 
138 
147 
116 
86 
131 

Tnche*. 

29..'5571 
29 1964 
29.4142 
29.4218 
29.1012 
29.6078 
29.r>144 
29-2878 
29.4854 

Itiche*. 
29.3511 
29  2089 
29.4082 
89  4269 
29.1084 
2<).(U)98 
29. 4755 
2t).2223 
88.4841 

29.3295 
291845 
29.3737 
29.4078 
891081 
2«).5948 
29.48S8 
29.2095 
88.8979 

Inches. 
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EXPLANATION  OF  PLATE  VII. 

This  Diagram  u  intODded  to  exhibit  the  curve  by  wlikh  the  ISmmy  OMillitkiB 
of  the  Baronu  ti  r  is  conni^ctcd  with  the  Latitiule 

The  axis  AX  repesents  the  quadnut  of  latitude  extended  into  a  »traifirhi  line  ; 
and  the  dutanoeB  of  die  pomte  wbieh  ve  kid  down  on  ddier  ode  of  it,  give  the 
fcigectioiis  upon  an  arUtnuy  scale  ctf  the  mnounts  of  banmnetrie  "i^Uti'^  The 
ordinates  are  reckoned  plu»  to  the  right  hand  of  the  axis,  and  mmus  to  the  left.  The 
curve  YMy  dmwn  through  these  points,  gives  the  In'st  cxpressitin  of  the  law  which 
connects  them,  die  huiu  of  tlie  w^uares  of  the  deviatiuus  of  the  observed  ordinatei 
from  the  computed  onei  being  reduced  to  •  adnfanum,  tm  vaa  ahewn  in  the  praeed* 
il^  F^pv*  dds  curve  being  merely  a  mechanical  projection  of  the  final  equation. 

The  amount  of  die  equatorial  ordinate  A^'  is  2.6.'K)  millimetres.  Tliat  of  tlie 
ptdar  ordinate  ia  —0.^1  millimetres.  The  latitude  at  which  the  oscillation 
diaiiges  H8  sign,  or  when  the  curve  cuts  the  nk  at  11^  k  64*9  0*. 
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Or  a  new  i^pedea  ^  Cohumd  Firwg»t  pmdmed  hg  r^kskn  he- 
hoeen  tie  Lamt  if  A^nnmade  or  Compamd  O^e^Ghttee. 
By  David  B&bwstbb,  F.  R.    V.  P.  R.  S.  Ed.  &c. 

(JM/niM»y2.18»t) 

Xk  a  paper  which  I  communicated  to  this  Society  in  1815,  and 
which  was  published  in  the  Seventh  volume  of  their  Transactioau^ 
I  described  i  new  species  of  coloured  fringes,  produced  between 
two  plates  of  jiai  allol  glass.  From  a  consideration  of  the  theory 
of  this  class  of  phe  nomena,  it  was  ol)vious  that  analogous,  tho«f?h 
much  more  compli<  ated.  systc  ms  of  rings  should  be  produced  be- 
tween plates  with  curv  ed  surfaces,  but  it  was  not  till  1822  that 
I  succeeded  in  detecting  them ;  and  so  completely  are  these  rings 
concealed  by  the  sujit  r^wsition  of  similarly  situated  images,  that, 
in  consequence  of  having  forgotten  my  method  of  obser\'atiun,  I 
have  experieiuied  the  greatest  difficulty  in  redisooveriiig  them. 

My  earliest  ezperiments  were  peiliMnied  witli  a  doutUe  aduo- 
matie  object-glass,  made  by  Besge,  having  a  diameter  of 
indies  and  M  indies  m'foodleiigtih.  The  inner  smfiwes  of  the 
caeown  and  flint  glass  lenses  were  ground  to  difaent  ndii,  as 
shewn  in  the  section  of  it  at  AB^  CD,  Fig.  5.  Flate  IX ;  and 
theouter  suE&ceof  the  ffint-^Lsss  kns  was  concave^  so  that  there 
was  left  between  the  lenses  a  meniscus  of  air  Af  B8  A. 

In  order  to  observe  the  system  of  rings  as  nearly  as  possible 
at  a  perpendicular  incidence,  I  placed  the  smallest  flame  I  could 
praeiue  at  S,  about  £>ttr  or  five  inches  distant  from  the  ofaject- 
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^asB  AI^  and  inteiposing  a  small  aereoi  6  betiveen  the  flame 
and  the  eye  at  £,  I  hdd  the  eye  as  dose  to  S  as  possible^  and 
▼axied  the  distance  of  the  object-g^ass  till  the  inverted  gieenisb- 
ookured  flame*  reflected  intexioify  fiom  the  eoncaTe  snifiKe 
Al  B  seemed  to  ccyver the v^le  area cf  the ot^ect^glafls.  When 
this  is  aocom{il]shed,  the  riogs  may,  by  a  slight  change  in  the 
position  of  the  object-glass,  or  hy  screening  the  ima||^  fbnned 
by  one  reflection  from  A  1  B»  be  distinctly  seen  over  the  ex- 
panded  but  enfeebled  ima^  formed  by  a  second  xeflection  fiom 
the  same  surface. 

When  the  flame  is  very  small,  and  the  eye  sees  it  projected 
against  the  centre  of  the  ohject-glas>5,  the  rin-^s  irc  grouped  into 
a  concentric  system,  as  shewn  in  !■  ig.  1,  approaciung  closer  and 
closer  to  each  other  ;is  they  advance  from  the  centre  to  the  cir- 
cumference ot  the  lens.  Two  of  these  rings,  mrninin,  nimn, 
liaving  an  intermediate  position  in  the  system,  are  distinguished 
from  the  rest  by  their  darkncs-s,  and  by  the  whiteness  of  the  hght 
between  them  ;  and  they  enjoy  tlie  leuiarkable  property  of  be- 
coming the  bounding  lines  ofjintr  systems  of  fringes,  into  which 
the  general  system  is  subdivided  by  oblique  reflectum. 

In  Older  to  observe  tins  intezesting  chimge^  indine  the  ol|J^ 
l^bos  so  that  the  point  A  is  farther  fiom  the  eye  than  B»  and  so 
that  die  ^e  receives  the  that  are  reflected  obliquely  from 
everypointof  l)iesur&ee  Al  B.  At  a  very  slight  deviation  fiom 
a  perpendicular  incidence  the  rings  will  become  smaller  and  doeer 
on  the  side  A,  and  broader  and  wider  on  the  side  ^  having  in- 
termediate breadths  and  distances  at  intermediate  points  of  the 
dnmmfeience  between  A  and  B.  By  increasing  the  inddeno^ 
the  inner  ring  aa,  Fig.  1 ,  contracts  into  a  sort  of  irregular  cres- 
cent aOf  Fig.  2.    The  second  and  third  ling^  bb^  ect  Fig.  S. 


*  Thk  Hane  Iim  •  gtcoiidi-oobur,  in  ooiuequeiioeof  Ae  rayswiddi  fixn  ftbwr* 
ing  pM«d  tlmwgh  t«iet  dw  tbkknai  of  tlie  ennriKglaM  leui  A  B. 
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do  tfie  same  as  shewn  at  bby  ee.  Fig.  ^  and  at  a  greater  ind- 
dmo^ihe  dark  ring  nn,  Fig.  1,  assumes  a  aiidlar  fimn  iifinfl. 
Fig.  fL,  and  forms  the  boundary  of  the  remote  eentnU  eyetem 
nebaaben.  In  like  manner,  the  lower  part  of  the  ring  7271, 
Fig.  1,  has  enclosed  a  smaller  but  similar  system  of  rings,  which 
are  shewn  at  7i'  n'  n'  n\  and  mny  t)e  called  the  near  central  system. 
AVhile  these  chancjes  are  going  on,  the  rings  %vitliout  nn.  Fig.  1, 
are  undergonjg  anaiogoujs,  though  opposite,  infh  \ions\  The 
outermost  ddd.  Fig.  1,  divides  itself  into  two  unetjual  j>ortio]is, 
which  run  out  into  the  circumlerence  at  the  points  <i,  <i,  t/', 
Fig.  2.  Then  the  next  ring,  viz.  the  dark  one,  m,  m,  m,  m,  form- 
ing Ihe  boundary  of  the  remote  eaetenud  eyeiem  7n,  ni,  7n,  A,  and  of 
the  neetr  eeniral  ejfeiem  eimfwl  B. 

The  fimr  gn>upB  ^  ™>8P  developed,  assume^  at  greater 
inddeoceai  the  diaiaeter  shown  in  Fig.  %  but  they  are  not  seen 
all  at  onoe;  andin  tmdng  tiieir  fiMrm,  it  ianeeessary  tocausethe 
image  on  which  th^  are  produced,  to  be  reflected  sucoesavely 
fiom  diflEerent  parts  of  the  lens.  Tlie  rings  are  so  dosely  padced 
together  at  a  distance  &om  the  centres  x,  to  which  they  are 
all  related,  that  it  is  extremely  difficult  to  perceive  them.  By 
increasing  the  incidence  still  farther,  the  rings  dose  in  upon  the 
centres  ct,  t,  and  boeome  exceedingly  close  aTid  rnnncrous.  The 
pnnit'^  7',  r  approach  to  tlie  circumlerence  ol'  the  lens,  and  the 
rings  become  more  luminous  from  the  increase  in  the  reflected 
light,  at  increased  obliquities  of  incidence. 

In  some  object-glasses  the  rings  are  exceedingly  numerous 
and  close,  whether  seen  as  in  Fig.  1,  or  as  in  Fig.  3 ;  and  when 
this  is  the  case,  tlie  black  rings  7n^  n,  and  the  centres  .r^  st,  are 
near  the  circumference.  In  other  object-glasses,  particularly  in 
a  large  one  of  Tulx.£y\  in  the  Calton  Hill  Observatory,  the 
rings  are  few  in  number,  and  the  dark  fiingea  m,  n,  and 
the  centres  x^x,  are  adTanoed  oonsiderably  fieom  Uie  drcum- 
ferenoe  towards  the  centre  of  the  lens.  In  tins  case  the  rings 


194    Dr  BsjEWMBft  m  a  neio  t^ptdU    Cobmni  Frmgu 

are  more  easily  seon,  and  they  underf?:^  very  beautiful  modifica- 
tions in  passing  from  a  perpendicular  to  an  oblique  incidence. 

There  can  be  little  doubt  that  this  variation  in  the  size  and 
nuiiiixT  of  the  rings  depends  on  the  tliickness  of  the  meniscus 
of  an  bulween  the  lenses ;  but  in  order  to  put  this  to  the  test  of 
exix'rimcnt,  1  sepuralcd  the  two  lenses  A  B,  CD,  Fig.  5,  and  I 
found  the  rings  to  increase  in  number,  and  diminisli  in  breadth, 
in  proportion  to  the  distance  of  the  two  lenses.  Hence  it  fol* 
lovns,  that,  in  all  thcMe  object-glana  utee  ^  inner  nufiKMi 
are  ooincident,  oar  are  cemented  by  mastic  or  other  Twmidies,  no 
rings  will  be  pfToduced, — and  that  the  nnniber  of  the  rings  fur- 
nish us  with  a  measote  of  the  difference  of  ctirvatoieiol' the  inner 
surfaces  of  the  combined  lenses. 

In  some  of  the  oblique  systems  of  xin^  which  I  hove  observed* 
the  outer  fiinge  n  of  one  of  the  central  systems  i^pproached  so 
near  the  outer  fiinge  m  ci  one  of  the  external  systems,  that  the 
q^aoe  between  them  was  straw-i/eUow,  in  place  of  white ;  and  in 
one  case,  the  four  bounding  firinges  imitedt  and  fiinned  a  biack 
GKI68,  as  shown  in  Fig.  4. 

In  a  large  double  object-glass,  made  by  Gilbert,  3.8  inches 
in  diameter,  and  in  a  similar  one  by  Doli.omi,  5,75  inches  in 
diameter,  the  rings  could  only  be  seen  by  looking  through  the 
convex  side  A  1  B,  Fig.  5.  In  the  first  of  these  lenses  there  were 
only  two  firinges  in  the  near  central  system  of  rings,  so  that  the 
inner  surfaces  must  have  been  nearly  coincident- 

If  we  separate  the  lenses  a  little  at  A,  Fig.  1,  and  Fig.  5,  the 
system  of  rings  appcoaehies  die  edge  B,  and  beeome  mate  nu^ 
merous  and  more  dose  to  each  other.  The  other  systems  dose^ 
and  become  oonoentzic  to  them,  and  the  whole  become  an  cflqi- 
tical  system. 

When  the  lenses  are  separatod  a  little  at  B;  Fig.  1,  and  Fig.  6, 
the  system  «darge^  and  the  lings  grow  more  numerous,  the  other 
sgrstems  becoming  oonoentdc  with  then,  and  fimmng  a  doae 
system. 
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In  a  triple  object-^lasis,  which  gave  a  system  of  rings  siimlar 
lo  that  iu  1  ig.  I  observed  them  to  be  crossed  with  another 
^tem  of  minute  fringes  parallel  to  one  ano11i»,  sod  to  tibe  luie 
jdbuiig  liie  4seiittts  m  and  if.  Hie  object-glass  vjuoh ddifliited 
thifl  cumas  eibct  B  not  now  wftlu^ 
able  to  giro  anjlGuelliar  aoBoiBt  of  tiiis  new  sjat^ 

In  ezder  to  deteniiiDe  ^  sozfaoeB  of  the  double  ot^ect^jbun^ 
AD,  Fig.  9p  which  aie  eieential  to  the  production  of  llie  viiigB, 
I  covcfed  the  convex  surface  AlB  with  oil  of  neaiijlfce  aame  re- 
firaotive  power  as  ^bss,  and  the  riagp  wholly  disappeaned.  Having 
removed  the  oil,  I  filled  with  the  same  fluid  the  space  or  luittow 
meniscus  between  the  lenses,  when  the  rings  again  disappeared. 
The  lenses  lieing  ajnin  rleaned.  I  removed  CD,  f\Tid  oonld  no 
longer  observe  any  fimL^es.  Ilcnce,  it  follows,  tint  the  action  of 
the  two  surfaces  of  tlie  coiivex  lens,  and  the  inner  surface  of  the 
concave  one,  are  necessary  to  the  production  of  the  fringes. 

From  these  facts,  it  will  appear,  that  the  coloured  rinp>  arise 
from  tlie  iuterfei-ence  of  two  pencils  of  light,  one  oi'  wliicli  bas 
suffered  three  reflexions  within  the  convex  lens  AB,  and  has 
pQgged  ^mar  times  throng  its  ihidmefl^  with  anoth^  pencO 
wfaidi  has  suffered  two  reflexions  within  the  convex  lens,  and  one 
reflexion  fiom  the  inner  surface  of  the  concave  leDt8»  and  has 
passed  four  times  through  the  thickness  of  the  convex  ^aa^  and 
twice  tbroaii^  the  tludmesB  of  the  meniflcus  of  air. 

"When  the  ll^t  is  incident  peipendiciilaily  on  tiie  eentte  of 
the  lens,  the  interval  of  retardation,  or  the  diffirence  between 
the  lengths  of  the  paths  of  the  two  rays,  is  equal  to  twice  the 
greatest  thickness  of  the  meniscus  of  air  Hence,  if  this  thick- 
nesa  is  vciy  small,  the  tints  corresponding  to  it  will  be  distinctly 
obsen'cd  :  hut  if  the  thickness  is  con^iderahle,  a?  it  often  is,  the 
tints  will  belong  to  such  h)>j\\  orders,  that  they  will  only  be  seen 
when  a  small  flarac  of  homogeneous  light  is  used. 

As  the  incident  ray  advances  from  the  centre  towards  the  cir- 
cumference, the  meniscus  of  air  dimini&iies  in  thickness  and  al- 
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so  the  interval  of  retardation,  so  that  the  ord^  of  the  rings  de- 
Msend*  as  in  Fig.  1.  But  there  ia  a  particular  pomt  between  the 
lings  m  and  wheie  the  intecval  of  letaidatiiiD  ia  nodiing,  or 
Yibere  the  lengtha  of  the  paths  of  the  two  interfering  pencils . 
are  equa],  so  that  we  have  a  wkitf  ring  at  that  place.  Beyond 
this,  the  interval  of  retaidation  beeomea  perceptibly  and  another 
ayatem  4^  lingB  oommencefl,  riaii^  to  thrir  hi^ieat  oider  at  the 
very  cansmnfievenoe  of  Uie  object-glaagi 

When  the  eye  and  the  flame  are  in  the  axis  of  the  object-glaaSi 
the  isochromatic  lines  are  circles ;  but  at  oblique  incidences  they 
have  the  aiwgulai-  forms  shewn  in  Figs.  2  and  3,  the  line  where 
there  is  no  interval  of  retardation  being  the  boundary  cf  the 
£[>ur  ditferent  systems  of  frirtn^es  shewn  in  these  figures. 

As  the  paths  ot  the  mtertenng  pencils  are  performed  in  three 
media,  crown-glass,  tiint-glass,  and  air,  and  as  their  lengths  vary 
very  quickly  and  irregularly,  as  the  angle  of  incidence  varies, 
and  as  the  point  of  incidence  chants  its  position,  tht-  analytical 
expresiauii  uf  the  interval  ui  rctardatiou  will  be  very  complex. 
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Aatmad  ^  aofm  Experimentt  «k  toAicA  on  Mleetrie  S^atark  unw 
eSeitedfiwn  a  NatunU  Magnet,    By  Jambs  D.  Fonssfly 

Notwithstanding  the  intimate  connexion  which  has  long  been 
kiiown  to  exist  between  magnetism  and  electricity,  we  may  safely 
say,  that,  only  fifteen  }  ears  ago,  the  amiouiicement  of  the  excita- 
tion of  a  luminous  spark  £rom  a  natural  magnet  would  have  been 
leodTed  with  attonislmieat  and  even  with  incveduHty. 

After  the  great  diaooT^  of  ekctKMnagnetiani,  in  1819^  by 
Professor  Obbsteb,  the  extreme  improbability  of  audi  a  diaoo- 
veiy  was  indeed  removed;  but,  even  after  that  period,  until  the 
recent  researches  of  our  distinguished  countryman  Mr  Fabaday, 
every  attempt  having  fiuled  to  procure  the  feeblest  trace  of 
electridly  from  Uie  obdurate  magnetic  mass,  so  striking  a  result, 
which  comes  home  to  the  comprehension  of  those  least  accus- 
tomed to  interest  themselves  in  the  less  palpable  results  of  sci^ 
tific  enquiry,  could  scarcely  have  been  looked  for  with  any  degree 
of  confidence. 

The  beautiful  experiments  of  IVIr  1\\kaday,  the  fundamen- 
tal facts  of  wliicli  I  had  the  honour  to  lav  before  the  {society  at 
their  last  meeting,  pointed  out  the  path  for  arriving  at  this  fine 
result,  and  enabled  us  to  appreciate  the  probabihty  of  attaining 
it.    Having  had  the  good  fortune  conclusively  to  establish  so 
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inteKstaiig  an  experimental  tmth,t]io«]glinot|if  leporttdbtra^ 
until  after  Signor  Nobili,  the  ingenimiB  and  pexaereiing  philo* 
sc^pher  of  R^gg^«  I  have  taken  advantage  of  this  last  n^eting 
of  the  Society  for  the  scas<»i,  to  bring  the  subject  befiwe  them : 
and  tliough  I  regret  that,  from  the  nature  of  the  experiment,  it 
can  only  be  shewii  to  one  or  two  persons  at  once,  I  believe  that 
there  are  several  individuals  now  present,  who  can  bear  ocular 
testimony  to  the  production  of  the  spark. 

The  discovery  of  Mr  F araday  has  conclusively  demonstra- 
ted, that  in  every  case  where  a  magnetic  current  is  created  (to 
use  the  wmd  current  in  its  ordinary  aeceptatioii,  as  indicative  of 
a  pecuUar  condition,  and  without  reference  to  any  tlieory  w  hat- 
ever),  a  momentary  elective  current  is  iuJiiced  at  right  rnigles  to 
it.  The  exjK'riment  may  be  shewn  in  two  ways:  eilliir  iiv  me- 
chanically causing  a  magnetic  bar  to  traverse  the  axis  ol  a  iiehx 
of  copper-wire  oi  considerable  length, — or  by  causing  a  piece  of 
soft  iron,  placed  in  the  axis  of  such  a  helix,  to  connect  poles 
of  a  liQXseHdioe  magnet,  and  thus  tanporarily  acquire  polarity.  In 
both  eases,  the  current  of  electricity  is  most  easily  shewn  by  its 
action  en  the  common  Multiplier,  the  extremities  of  the  wiim 
c^whieh  are  connected  with  those  of  the  ooppovwire  ibrming 
the  helix,  and  which,  ftom  its  rectangular  position  at  every  point 
to  the  magnetic  current  caused  to  traverse  its  ads,  odUects  the 
elecliidly  devdoped  in  that  direction.  By  both  methods,  the 
current  is  onfy  instantaneous ;  and  in  the  first  case^  if  the  mag- 
net be  caused  to  make  a  reciprocating  motion  in  the  axis  of  tlie 
helix,  the  currents  are  of  course  excited  in  opposite  directions, 
and,  by  accommodating  these  to  the  alternate  vibrations  of  the 
needle  of  the  Multiplier,  it  may,  by  means  of  a  small  bar,  be 
made  to  oscillate  in  large  arcs. 

The  second  method,  however,  wlieif  the  magnetic  current 
is  created  through  a  piece  of  soft  iron,  by  causing  it  to  connect 
the  poles  of  a  large  magnet,  is  that  which  in  my  late  experiments 
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I  hare  entirely  employed ;  and  the  subject  of  them  has  been  a 

very  fine  natural  nias^not,  capable  of  supporting  170  lb.  presented 
to  the  University  by  Dr  Hope.  I  willingly  avail  myself  of  this 
opportunity  to  express  my  obligations  to  that  gentleman  for  the 
numerous  and  important  facilities  which  have  been  afforded  to 
my  researches,  in  liis  Inbnratory,  where  the  ina<jpiet  still  is. 

My  preliiuinary  experniients  dcnionstrated,  by  the  action  n|> 
oil  tluj  multiplier  eum]  upon  the  frog,  that  a  very  powerliii  and 
instantaneous  current  ot  f>lectricity  was  conveyed  tlurough  the 
helix  at  the  moment  ot  making  the  contact  of  the  connecting 
iron  witli  the  magnet.  My  attention  was  then  directed  to  such 
an  arrangement  of  apparatus  as  should  by  means  of  this  current 
produoe  a  spariE.  Mr  Fabaday  had  actually  accomplished  this 
in  the  case  of  an  electro-magnet,  that  is,  by  the  oonTersioa  of  a 
soft  iron  bar  into  a  magnet,  by  a  galvanic  current  revolving  round 
it  He  had,  fiwm  another  pcHrtion  of  ihe  bar,  been  able  to  r^pv^ 
duoe  the  dectridty,  and  obtain  a  spark  irom  it 

In  an  early  stage  of  my  experiments  I  had,  as  &r  back  as  the 
dOth  of  March,  obtained  a  qiark  from  the  magnet,  which,  how- 
ever, being  unable  to  repeat,  from  drcumstances  of  which  I  af- 
terwards  became  awar^  I  did  not  choose  to  publish  at  the  time. 
I  accordingly  proceeded  closely  to  investigate  the  circumstances 
under  which  sparks  were  to  be  obtained  from  feeble  galvanic 
cnrrpTits  of  low  intensity.  I  used  the  comDion  cyhndrical  elec- 
tro-iu,iniu;tic  battery,  in  which,  by  varying  tlic  charge  of  acid,  1 
could  obtiiin  any  required  power.  Thus  I  adjusted  it  till  I  ob- 
tained from  a  momentiuy  current  nearly  the  same  action  on  the 
iMulLiplii  r  as  I  had  developed  by  the  magnet.  Removing  it  into 
a  dark  place,  I  found  that  sparks  were  obtained  at  the  instant  of 
making  and  breaking  the  drcuit  connecting  the  cups  of  the  bat- 
teiy.  Satisfied  that  I  had  a  sufBdrat  cuTTNit  of  electricity,  I  pro- 
ceeded to  apply  to  the  magnet  the  conditions  wbidi  I  had  firand 
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most  efiectual  for  eliciting  the  spark.  These  were,  \^  That  the 
^ark  is  more  easily  obtained  at  the  instant  of  interrupting  than 
that  of  completing  the  galvanic  cizcuit:  94^  That  of  the  combi- 
nations which  I  tried,  a  fine  pointed  iron-wire  suddenly  with- 
drawTi  from  contact  ^s\\\\  a  surface  of  ]>nro  mercury,  fomiing  part 
of  the  circuit:,  was  the  most  regular  in  exciting  the  spark,  and 
that  a  good  deal  depended  upon  the  suddenness  of  the  interrup- 
tion ;  and,  Sr/,  That  the  spark  was  easiest  obtained  from  the 
mercury,  not  at  the  horizontal  upper  surface,  but  where  capillary 
action  attracted  it  to  the  sides  of  the  containing  vessel ;  and  lliat 
this  w  as  indej>endent  of  the  material  of  the  vessel,  being  the  same 
with  wood,  glass,  and  metal. 

These  precautions  are  all  easily  resolved  into  the  <^eueral 
one — tbat  tba  circuit  conveying  a  weak  cunent  ahoold  be  as  ab- 
raptly  divided  as  possibly  in  order  to  the  production  of  a  qpnrk ; 
Hid  from  the  greater  power  of  skoder  wires  fiwmed  of  imper« 
feet  conductors,  such  as  iron,  to  accumnlate  the  effects  of  weak 
oorrentB*,  that  part  of  the  qipanitiifl  ia  aho  explained.  The  ao- 
tion  (tf  the  adhesion  of  mercury  to  the  ves^l  is  probably  to  ren- 
der its  connection  with  the  wire  inserted  at  that  point  more 
perfect. 

It  \\\\\  be  unnecessary  9k,  piesent  to  recount  the  difficulties 
which  still  obstructed  ray  progress,  though  some  of  them  were,  I 

think,  of  n  kind  not  unimportant  to  electro-may;netic  science.  I 
shall,  howover.  only  briefly  noti<^  the  arrangement  of  the  a|)pa- 
ratus  nith  winch,  on  the  13th  of  April,  I  succeeded  in  obtaining 
the  spark  at  pleasure. 

The  Uorge  natural  magnet  is  representeti  at  A,  l-'ig.  6, 
Plate  IX.  A  cyUndrical  connecter  of  soft  iron,  a  6,  passing 
through  the  axis  of  the  helix  .c,  was  made  to  connect  the  poles 


*  See  Mr  Haski»  s  Pa(»r  in  this  volume^ 
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of  the  magnet ;  accuracy  of  c-ontact  was  found  to  be  of  consider- 
able importance  to  the  success  of  the  experiment,  ami  one  side 
of  the  cylinder  was  carefully  ionncd  to  a  cur^e  of  about  two 
inches  radius  for  this  purpos^.  I  found  great  advantage  irom  a 
mechanical  gmd^  Dot  icpwacnted  in  the  figure,  to  oiable  an  as- 
fflfltant  to  bixog  up  the  connector  rapidly  and  aocnrately  to  the 
magnet  in  the  dark.  The  hdiz  c  oonasted  of  about  150  feet  of 
oopper-wiie,  nearly  one-twentieth  of  an  inch  in  diameter,  7i 
incto  km^  and  containing  four  layers  in  thicknesB,  which  were 
caveAdly  separated  by  insuUrting  partitions  of  doth  and  sealing- 
wax.  The  one  termhiaiioii  of  the  wire^  passed  into  the  bot- 
tom of  a  glass  tube  hy  half  filled  with  mercury,  in  which  the  wire 
terminated,  and  the  purity  of  the  mercurial  sui^ioe  is  of  great 
consequence  to  the  eiperiment  The  other  extremity/ of  the 
helical  wire  communicated  by  means  of  the  cup  of  mercury  i, 
with  the  iron-wire^,  the  fine  point  of  which  may  be  brought  by 
the  hand  into  contact  with  the  surface  of  the  mercury  in  /*.  and 
separated  from  it  at  the  instant  when  the  contact  of  the  <  (iinu  c- 
tor  «  A  with  the  poles  of  the  magnet  is  effected.  The  spark  is 
produced  in  the  tube  h. 

The  success  of  the  ex}><  i  iinent  clearly  tkpends  on  the  syn- 
chronism of  the  production  of  the  momentary  current  by  con- 
necting the  magnetic  poles,  and  the  interruption  of  the  galvanic 
circuit  at  the  surface  of  the  mercury.  This  might  be  pretty 
nearly  ensured  fay  a  vazietjr  of  simpie  mechanical  contrivances 
which  suggest  themsd'ras, — ^but  as  diese  would  require  very  con- 
siderable nicety  in  thor  esGecution,  I  have  been  satisfied  with  the 
precision  which  may  be  insured  by  a  good  ear  and  an  accurate 
assistanty— as  I  have  thu%  with  a  little  piactioe^  been  able  to 
pxoduo^  fiir  many  times  in  suooesNon,  at  least  two  sparks  from 
every  three  successive  contacts. 

These  sparks  have  generally  a  fine  green  colour  i  that  I  ob- 
tained on  the  80th  of  Mardi  was  in  every  reflect  similiir  to  those 
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1  aiterwaids  procured.  The  intemity  of  light  varies  consider- 
ably, as  it  depends  on  the  degree  of  accuracy  with  wludb  the 
ciicuit  JB  Indkoii  st  the  nMimeiit  of  oontact  Sometunes  it  is 
hi^y  viv]d»  and  has  been  seen  some  yaids  eff  in  a  dark  phoe. 

As  soon  as  I  bad  the  drramstanoes  under  my  command,  I 
hastened  to  show  the  experiment  to  my  brother,  who  was  pre- 
aenl^  and  to  Dr  Gbkgobt,  tt^&ag  seeretaiy  of  this  Society.  I 
afterwards  had  the  satis&ction  of  showing  it  to  Dr  Hofk,  to  Sir 
John  Lbblib,  and  several  other  gentlemen. 

I  have  now  stated,  I  hope  not  with  fatiguing  minuteness,  the 
mode  by  which  I  have  arrived  at  a  result  of  some  interest  fiur 
flrifiiMIO  of  that  striking  character,  too,  which  at  once  seizes  the 
imagination  and  the  attention,  and  whic-h  may  even  ^ve  it  a  de- 
gree of  importance  superior  to  what,  weighed  in  the  balance  of 
caliTi  philosophy,  it  may  perliaps  deserve.  Tlie  nudtiplier  and 
the  I  rog  are  to  the  eye  of  science  as  sure  tests  of  an  electric  cur- 
rent, as  is  the  spark  to  the  eye  of  sense. 

I  beg  to  rejjeat,  that  the  success  of  Signor  Nobili's  experi- 
ment is  only  known  to  me  through  the  medium  of  the  pubhc 
prints  ;  1  am  quite  igiioiaut  of  the  channel  by  which  the  report 
reached  this  country;  and,  at  all  events,  not  the  bli^hiest  dew 
Ins  been  given  as  to  his  mode  of  arriving  at  tiie  result 

Let  the  minor  oircumstanoeB  turn  out  as  tibey  may,  all  who 
have  had  any  share  in  tliis  interesting  leseardi,  must  f^ree  in 
giving  to  Mr  Fakaday  the  great,  ahnost  the  sole^  merit  of  a  db- 
GO¥ery,  of  wbidh  his  reseaidies  finimed  iJie  basis,  and  whose,  libe- 
rality in  thiowing  open  to  ihe  scientific  world  an  interesting 
trath,  wbieh  he  might  fairly  have  retained  until  he  had  worked 
it  out  in  its  various  details,  merits  as  much  pnuse  as  the  origina- 
Uty  and  fertility  of  his  genius. 
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FOSTSCBIPT. 

SiKCE  the  preceding  paper  was  read,  and  placed  in  the  liandB 
of  the  printer,  I  have  seen  the  Account  of  the  experiments  of 

Signori  NoBiLi  and  Amtinori,  contained  in  the  number  of  the 
Annales  de  Chimie  et  de  Physique^,  dated  December  1831;  and  I 
have  likewise,  by  the  kindness  of  Mr  Faraday,  received  a  copy  of 
his  paper  about  to  hf  published  in  the  Philosophiail  Transactions. 
From  these  documents,  it  is  established,  1*^,  That  Mr  I'akaday 
obtained  a  spark  from  a  temporary  or  electro-ma^iet,  as  far  back 
as  November  1831.  This  I  stated  to  have  h*  i  ti  die  case  in  the 
preceding  ]>aper,  upon  Mr  Faraday's  avithority,  %vho  informed 
me  of  it  about  two  months  ago ;  and  this  waa  tlie  "  cas  particu- 
Ikr"  mentioned  in  the  French  v^nion  of  Mr  Faraday's  letter 
to  M.  Hatchettb,  read  to  ihe  Academy  of  Scienoefl^  whidi  gave 
lue  to  the  experiments  of  Signori  Nobili  and  Ahtivori,  and 
who  also  aUude  to  it  in  their  paper,  without  knowing  the  real 
circumstances  of  the  experiment*.  It  apgean,  Sdfy,  That  the 
first  document' giving  an  account  <^the  excitation  of  a  spark  by 
these  pliilosophc«^  from  a  permanent  or  natera/  magnet,  is  dated 
from  the  Museum  at  Florence  Slst  Januaiy  18SS,  was  published 
in  the  Antolegia,  bearing  the  date  of  November  1881,  and  alter- 
wards  translated  into  the  Annales  de  Chinde,  bearing  Ihe  date  of 
December.  "  It  is  evident,"  says  Mr  Faraday-,  apeaking  of  the 
fimner,  *^  the  work  <»uld  not  have  been  then  printed,  and  though 
Signor  Nobili  in  his  paper  has  inserted  my  letter  as  the  text  of 
his  eaqpeiiments,  yet  the  circumstance  of  the  back  date  has  caused 
many  here,  who  heard  of  NonrLi's  experiments  by  report  only, 
to  imagine  his  results  were  anterior  to,  instead  of  being  dep«id> 
ent  upon  mine  f. 

*  Annaks  de  Chimie,  Dec  1881,  pp.  403,  417. 
t  FhiL  TkiuMdomlbr  188t,  p.  leSt,  nobe. 
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The  notifie  of  Signor  Nobili*8  eqieriineiit,  to  which  I  have 
aUuded  in  my  paper  as  having  reached  me  whilst  my  inyestir 
gpitioiu  were  in  progrei^  was  that  contained  in  the  Literary 
Gaiette  Ibr  Mardi  stating  nmply  the  rqK»t  of  the  ftct, 
though  withont  naming  any  authority.  I  learn  from  Mr  Faba- 
DAT»  that  it  appeared  there  by  a  circuitous  channel  of  informal 
tion,  actually  derived  from  Signor  Nobili's  communication  to 
himself.  The  first  information  I  had  of  Nobili's  method  of 
making  the  experiment,  which  was  in  its  simplest  form  almost 
the  same  with  my  own,  and  explained  in  terms  nearly  identical, 
was  not  till  the  Annuhs  (^e  (lihnic  foi  l>cceml>er  reached  my 
hands,  which  was  on  the  SOth  of  April,  when  the  foregoing  paper 
was  in  the  press. 

I  take  this  opportunity  of  adding,  that  the  exjx  liincitl  upun 
the  frou;,  simply  mentioned  al)ovc,  was  made  at  the  suggestion 
and  witli  tlie  assistance  of  Dr  Hope»  on  the  3d  of  April.  It 
i^pears  from  Mr  Fakaday's  paper*,  that  he  was  not  successful 
in  exciting  museuUir  action  by  Dr  Kwiort's  great  compound 
ma^^et  bdonging  to  the  Royal  Society,  but  he  afterwards  ob- 
tained the  eflfect  by  making  a  very  sudden  rupture  of  contact  of 
the  armature  of  a  smaller  magnet  The  same  result  was  obtained 
by  NoBii.1  and  AMrtNORif,  who  justly  remark  the  striking  proof 
which  it  affords  of  the  extmne  delicacy  of  the  Frog  Galvanome- 
ter, since  the  magneto-electric  currents  (to  use  the  language  of 
Faraday)  resemble  the  thermo-electric  ones  in  the  very  great 
difficulty  ^^ith  which  they  pass  through  moist  conductors. 

Finally,  as  far  as  yet  known,  no  one  except  Signori  Nobii.i 
and  ANTiNoni  and  myself  have  yet  obtained  the  spark  from  the 
natural  or  permanent  magnet.  This,  indeed,  must  be  in  a 
great  measure  owing  to  the  power  of  the  magnets  we  have  been 


•  Article  56, 

f  Aoaalfis  de  Cbiuue,  Dec.  1831,  p. 
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able  to  commanil.  (Mo  Jiotice  is  given  of  the  isize  of  that  at  Flo- 
rence) ;  tlicre  is  little  doubt,  liowevcr,  from  the  constancy  and 
brilliancy  of  tlie  results  1  have  obtained,  that,  by  following  the 
same  method,  the  ex|xriment  may  be  repeated  vdth  smaller  ap- 
paratus. At  lem^t  it  is  in  the  highest  degree  probable  that  it 
will  be  olitained  with  Dr  GowiK  Knight's  immeiwe  aitifidal 
faatteiy,  oonsbtiug  of  450  ban,  15  inehes  long,  wtudi  was  em- 
ployed by  Mr  FAftABAY  and  Mr  Chrxstis  in  the  prosecution  of 
the  Experiments  on  Magneto-Electric  Induction. 


GkEKNHILL,  FDINfiOBGH; 

m  Mat/  18d2. 
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On  a  New  Eketrtmeter^  and  lAe  Heat  exeUed  tn  MetaUk  Bodtee 
by  VMt  ElearkUif.   By  Wiluak  Skow  Harris,  Esq. 

F.H.S. 

(BtadBecember  19. 18S1J 

1.  Iif  the  eotuae  of  some  inquiries  oonoeiiiiiig  the  power  of  me- 
tallic substtmoes  to  oonduct  intense  electrical  exploaionBy  an  ao- 
oount  of  whicb  ivas  honoured  by  a  place  in  the  Philosophical 
Tranaactimis  for  the  year  18S7>  I  sought  to  obtain  a  oompaiative 
measure  of  the  conductmg  power,  in  the  heat  evolved  by  the 
metal,  at  the  time  «^  transmitting  the  charge.  The  instrument 
ani^oyed  for  this  purpose^  was,  in  principle  that  of  a  common  air 
theim<mieter,  the  given  metal,  the  sutgect  of  experiment,  being 
drawn  into  a  wire,  and  passed  air-tight  across  its  bulb.  This 
simple  contrivance,  I  have  since  extended  to  the  general  purposes 
of  an  electrometer,  so  as  to  estimate  the  force  of  any  ordinary 
electrical  accumulation.  I'he  results  arrived  at  with  \oltaic 
combinations,  seem,  for  the  most  part,  of  much  practical  utility ; 
and  therefore  some  account  of  them  ni;iy,  I  trust,  hv  t'uund  wor- 
thy of  the  attention  of  the  ivoyal  Society  of  Edmlnirgh. 

2.  The  electrometer,  as  prepared  for  the  purposes  ol"  voltaic 
electricity,  w  ill  ha  easily  understood  by  the  following  descrip- 
tion '.-—abc,  Fig.  1,  Plate  VllL,  is  a  fine  glass-tube,  whose  interior 
diameter  is  about  the  -f^th  of  an  incli ;  there  is  a'spherical  reser- 
voir blown  at  a  for  the  reception  of  a  coloured  fluid ;  from  this 
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the  tube  is  bent  a  Utde  forward,  and  then  perpendwalarly,  and 

is  finally  secured  to  a  correctly  divided  scale  be,  sustained  on  a 
convenient  base,  as  seen  in  the  figure.  Tlie  point  o  on  the  scale, 
corrcs}>ondin<);  to  the  level  of  the  coloured  fluid  in  the  opposite 
leeervoir  a,  i.s  marked  zero. 

A  metallic  wire  m  t),  Fig.  2,  varying  from  the  TA~th  to  the 
jth  of  an  iiK  li  ill  (iiaiiiptor,  according  to  the  circum.sUnjccs  of  the 
experiment,  is  pa^^ed  aii-tight  across  the  glass  ball  B  by  means 
of  small  flanges  of  brass  m»,  cemented  in  and  round  two  holes 
drilled  through  the  sides,  and  upon  these  are  screwed  two  favass 
biiDi  r»  in  suck  way  as  to  render  tiie-iwiiole  air-tig^  The 
died  of  fixing  the  wire  is  extremely  simply  the  bmss  parts  beii^; 
made  quite  desn  intefnaUy ;  tiie  wire  is  pawed  directfy  through 
than ;  it  is  put  gendy  on  die  sti«tch»  and  is  then  compressed  in 
the  holes  by  small  pegs  of  tough  wood,  so  as  to  insure  a  good 
contact :  the  pegs,  and  extremities  of  the  wire^  are  allowed  to 
prcgect  a  litde^  for  the  convenience  of  removal,  and  thus  different 
wiies  may  be  substituted  with  great  expedition.  The  ball  B» 
being  thus  prepared,  is  screwed  air-tight  on  the  spherical  reser- 
voir a,  Fig.  1,  by  the  ordinary  intervention  of  brass  caps,  which 
should  he  closely  cemented  with  good  seahng-wax  to  the  j^lass : 
lion  re,  when  the  wire  mn  becomes  heated  by  the  voltaic  action, 
the  riuid  will  be  observed  to  ascend  along  the  scale  be. 

The  contact  ^vith  the  Imttery,  as  in  Figs.  1,  2,  3,  &c.,  is  made 
by  means  of  the  small  brass  cups  tt,  Fig.  2,  screwed  in  the  balls 
rn,  in  which  is  placed  a  httle  mercury  ;  and,  to  adjust  the  fluid 
to  zero  of  the  scale,  there  is  a  small  opening  drilled  through  the 
upper  part  of  the  bulb  at  Fig.  2,  which,  being  covered  also 
i^di  a  btdl  and  flange,  admits  of  a  communication  being  easily 
made  with  the  external  air  at  pleasure*. 


*  The  fltndlfariBfliUiig  Aedegiwsof  Mtioo  nwy  oaiM^ 
pir^  diitiUed  tnrtcr  thne  parts,  colotired  with  tuictart  of  coehiiiMl;  to  whidi  naj 
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3.  The  indications  of  this  instrument  appearing,  after  a  few 
trials,  to  be  verj^  general  and  decisive,  I  endeavoured  to  ascertain 
liow  far  it  might  be  relied  on  as  a  measure  of  electrical  action,  as 
also  the  variations  to  w  inch  it  might  be  subject :  iis  these  points 
became  satislactorily  dctennincd  in  the  course  of  the  following 
investigation,  I  shall  give  a  brief  detail  of  the  experiments  as 
they  oecuned. 

.  4.  (a)  My  first  attempts  were  directed  to  the  law  of  the  aiv 
tion  of  a  sin^  line  and  copper  plate  .r^,  Fig.  1 ,  placed  at  various 
distaaces  ftom  each  other  in  a  dilate  add.  The  plates  employed- 
ioK  this  pmpoBe  were  eadi  7  indiea  hi^  6  inches  wide^  4uid 
about  the  i^th  of  an  indi  ibicl:,  and  were  secured  in  a  light 
frame  of  varnished  wood//  The  cell  A  for  the  acid  had  hottom 
and  ends  of  varnished  mahogany,  and  sides  of  glass  ;  it  was  in- 
ternally 10  inches  long,  8  inches  deqi^  and  7  inches  wide.  The 
wire  in  the  electrometer  B  was  of  copper,  and  about  the  jioth 
of  an  inch  in  diameter  *.  The  dilute  acid  consisted  of  nitrous 
acid  one  part,  sii1ji!nnic  iicid  one  part,  water  forty-eight  parts  by 
measure.  The  contacts  with  the  plates  were  ettigcted  thiuiigli 
small  cups  containing  mercury  ;  the  wires  employet^  to  com- 
plete the  circuit  being  of  copper,  and  ^thof  an  inch  in  diameter. 
The  following  are  the  results  of  this  experiment : — 


be  added  mtich  sulphuric  ac  iM  :is  will  rcniU  r  tin-  wholi'  ^ileoundy  aour.  McfClliy 
also,  when  the  tube  is  tine,  may  be  uned  with  advniUago. 

•  This  experiment  was  likewise  contemplated  by  my  friend  Mr  Watkins,  the 
curator  of  the  apparatus,  in  the  London  University.  In  the  course  of  a  few  trials 
with  the  imtniiiient  which  I  Iiad  the  pleaauTe  of  maldng  with  him  at  iiii  houae,  we, 

succeeded  in  rendering  sensible,  the  action  of  a  small  plate  of  zinc  and  ocqpper,  of 

only  {th  of  an  inch  s<]uare,  whin  ])lai  i  <l  in  an  extremely  diluted  acid,  at  upwards 
of  4  inciies  apart ;  the  wire  in  the  electrometer  was  in  this  iiutAnce  eairemelif  fine. 
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TABLE  L 


in  inches. 

Kfii-vt  OH  Electro, 
meter  iu  degrvea. 

84» 

1.0 

&0 

1.5^ 

4.0 

2.0 

2.0 

4.0 

1.0 

8.0 

a« 

15.0— 

as5 

85.0 

The  law  in  this  case  seems,  therefore,  to  be  that  of  a  sim})le 
inverse  ratio  of  the  dist^iiicc  bct\ve('n  the  plates,  except  in  the 
near  approximations,  \slu'i't>  the  numbers  are  somewhat  less  than 
migiit  have  l>een  antit  ipaled.  In  repeating  this  experiment, 
however,  the  eifect  on  the  iiisti  anient  was,  for  the  most  i*art, 
exactly  lu  the  inverse  ratio  of  the  duitance  between  the  plates. 

The  plates  were  removed  from  the  acid  before  observing  the 
eftcts  due  to  eadi  respective  distance^  and  caiefuDy  wiped,  and 
tiie  add  oocauonally  duuiged,  firom  a  oonnnon  stodc  previously 
mixed  in  maai 

5.  {b)  'With  a  view  of  aaoeitaining  the  law  of  the  action  as 
regarded  ihe  quantity  of  metal  immlerBed,  the  plates  were  di> 
vided,  hy  horizontal  lines  drawn  across  them»  into  seven  portions, 
eadi  an  inch  wide,  and  as  much  dilute  acid  poured  into  the  cell 
as  was  equivalent  to  Inmierse  one.  !wo.  three,  &c.  of  the  divisions 
sneoeasivdy.  In  the  following  Table  are  given  the  results  of 
this  experiment,  the  plates  being  carefully  wiped,  and  the  acid 
renewed  as  before  at  such  trial. 
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TABLE  IL 


1 

4 

t 

8 

8 

1«  + 

4 

16 

5 

90 

6 

85 

7 

ill  this  instance,  therefore,  tlic  resulting  effects  are  exactly  as  the 
quantity  of  metal  immersed,  or  very  nearly  so,  since  the  instru- 
ment appeared  to  vary  widi  the  incKased  power. 

6.  The  fiwegoing  experiments  (5)  being  replied  mth  a  very 
fine  frixe  in  the  electiometer,  of  about  the  sfoth  of  an  indi  in 
diameter,  the  resultB  were  nolon|^  legular,  being  as  fbUowB: — 


TABLE  IIL 


Sflbct  !■  D^pm 

1 

6 

S 

10 

s 

13 

4 

lo.5 

5 

18 

6 

10 

7 

SO 

7.  The  eompanUivel^  diminishing  efiect^  corresponding  to 
the  increaaed  action  dbflerrable  in  the  above  Table,  is  &irly  at- 
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tributable  to  some  peculiar  oondition  of  ihe  fine  wire  en^logfed 
in  the  electrometer,  by  wludi  it  is  rendered  incapable  of  tran»> 
nutting  all  the  increased  power ;  and  it  may  be  lilwwiae  obaerved, 

in  comparing  the  above  (Table  III.)  nith  the  previous  results 
(Table  II.),  that,  when  the  action  was  comparatively  feeble,  then 
the  fine  wire  (Table  111.)  was  the  most  heated;  but  when  the 
action  became  more  conaidexabl^  then  the  laigerwire  (Table  II.) 
was  the  most  heated. 

8.  I  repeated  these  experiments  in  various  ways,  and  found 
the  results  very  general  and  invariable.  Thus,  in  employing 
three  separate  electro-magnetic  batteries  with  double  copper, 
each  exposing  about  a  square  foot  of  zinc,  the  eflfects  indicated 
by  the  electrometer,  with  extremely  tine  wires  in  the  bulb,  were 
nearly  as  great  wilh  one  battery  aa  with  Uie  three  coanhaned, 
whilst^  'On  the  contrary,  the  indicationa  wilJi  largrar  wirea  weze 
constantly  proportionate  to  the  incveaaed  power. 

9.  As  the  diminished  eflfect  on  the  dectrometor,  when  a  veiy 
fine  wire  is  employed,  with  an  increased  diarge,  evidently  de^ 
pends  on  the  impeifect  conducting  power  of  the  wir^  it  seems 
reasonable  to  infier,  diat  imperfect  conducting  fluids  audi  as  war. 
ter,  or  ertensive  quantities  of  very  fine  wir^  may  become  almost 
insulatoi^  to  this  qiecies  of  electrical  accumulation ;  and  such  is 
found  to  be  the  case,  since  little  or  no  effect  is  indicated  by  the 
instrument,  with  a  given  charn^e,  when  the  circuit  rrn  i/.  Fig.  I, 
consists  of  an  extensive  spiral  of  fine  wire,  covered  with  silk  :  and 
no  effect  whatever^  when  foiim d  of  water  contained  in  glass 
tubes :  hence  the  accumulation  is  either  insulattHl,  or  otherwise 
transmitted  so  very  imperfectly,  as  to  be  quite  inappreciable  by 
the  heatbig  etiect. 

10.  The  foregoing  results  are  very  analogous  to  those  arrived 
at  by  Sir  Humphsey  Davy,  in  the  course  of  his  extensive  and 
justly  celebrated  inquiries  into  the  laws  of  voltaic  action  * ;  who 

•  PhU.  Trans,  far  the  ytu  18B1,  p.  485. 
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stBtei^  «  ThaUt  in  a  battery  wliere  tbe  quantity  of  deetridty  is 
▼ery  great,  and  the  intensity  Teiy  low;  ehanoal,  made  to  toneh 
only  in  a  few  points,  is  almost  as  much  an  insnlatinj^  body  as 
water,  and  eannot  be  ignited,  nor  can  wires  of  platinum  be  heated 
when  their  diameters  is  less  than  the  ^Vth  of  an  inch,  and  Iheir 
loigth  3  or  4  feet ;  and  a  foot  of  phitinuin-wire  is  scarcely  heated 
by  such  a  hatteiy;  whilst  the  same  length  of  silver-wire  is  made 
red  hot,  and  the  same  lengths  of  thi^er  wires  of  platinum  are 
intensely  heated."  In  this  case,  it  is  evident  that  the  superior 
conducting  power  of  the  silver  allows  the  quantif  y  of  electricity 
to  pnss  through  it,  necessary  to  complete  the  heating  eflfect ; 
whilst  the  inferior  conductin-^  power  of  the  platinum  impedes 
the  transmission  ol'  the  charge ;  so  that  the  heating  eiiect  is  only 
evincetl  on  thicker  wires. 

11.  I  eiitleavoured  to  find,  by  a  variety  of  experiments,  whe- 
ther, on  increasing  tlic  diinensioiis  of  the  wires  in  tlie  electrome- 
ter, any  ratio  greater  than  that  of  the  increased  power  could  be 
obtained,  but  I  did  not  anive  at  any  new  lenilt  It  i%  however, 
not  unlikely,  that,  provided'  the  times  fzanamisaton  were  in- 
versely proportional  to  the  quantities  of  dectridfy  transmitted ; 
that  is  to  say,  i^  in  one>half  the  tim^  twice  the  quantity  was  dn> 
cbaig^  and  so  on,  then  the  indicatioiis  dT  die  eLsctrcnneter 
mi^t  posdbly  be  in  a  higher  ratio,  as  I  have  invariably  observed 
in  the  case  of  ordinary  electrical  explosions,  by  means  of  coated 
jais,  in  which  the  int6nait|r  of  the  action  is  such,  that  the  whole 
accumulation  is  f<NPdbly  transmitted  through  the  wire^  in  a  dense 
fomi  *. 

]  Much  care  is  requisite,  in  speculating  on  these  curious 
phenomena,  which  appear  \<>  be  ititimately  connected  with  the 
relations  subslstinj^  between  the  causes  of  heat  and  electricity; 
neverthelei^  the  view  taken  by  tlie  celebrated  philosopher  above 


*  Memain  of  Pi^-moutb  Insdtutioo,  p.  68.  tad  84 
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mentioned  *  namely,  that  the  excitatioa  of  heat  occaaons  the 
imperfection  of  the  conducting  power*  seems,  to  a  very  great  eXf 
tent,  extremely  piobabk^  as  may  be  seen  in  the  following  expe- 
liments : 

(c.)  Having  excited,  somewhat  powerfully,  a  large  electro-mag- 
netic battery  (B.  Figs  3-4),  of  the  cylindrical  form,  and  contain- 
ing about  two  scjnare  tcct  of  zinc,  with  double  copper  ;  the  vol- 
taic action  was  transniittctl  tlirough  the  electrometer  E,  as  in  the 
previous  expernnents,  by  means  of  large  copper-wircs  connect- 
ing the  ^inc  and  copper  sides.  In  order  to  exemplify  the  in- 
fluence of  heat  iu  decreasing  ilie  conducting  power,  about  six 
inches  of  the  circuit  mn,  Fig.  3,  was  made  up  of  smaller  wire^  of 
about  the  T^th  of  an  indi  in  diameter,  and  to  this  wire,  the  flame 
of  8  spirit-lnnp  was  applied,  when  the  fluid  in  the  electrometer  % 
had  attained  its  greatest  height  on  the  scale ;  the  result  mu, 
that  the  fluid  heguk  to  descend,  as  the  wire  mn  became  heated, 
and  again  lecorered  its  former  point  of  elevation  on  removing 
thekmpt* 

(d)  A  somewhat  siniilarresidt  was  obtaiiaed,msubBtituti]igfiir 

the  wire  m  ft,  anoiher  wire  of  the  same  dimensions,  but  of  worse 
cooductang  power  ;  in  which  case^  the  efiect  on  the  dectrameter 
E  was  oonsideTably  diminished. 

(e)  When  the  wire  m  n  was  kept  cool  by  evaporating  a  little 
ether  from  ito  suiftce^  the  effect  on  the  ekctzometer  was  greatly 
increased. 

(/J  Similar  results  were  obtained,  when,  instead  of  allowing 
the  wire  w?«  ti;  form  a  part  of  the  circuit,  as  in  Fig.  3,  it  was 
made  to  connect  the  contact  cups  of  the  battery.    In  this  case, 


•  Phil.  Transactions  for  1821,  p.  438. 

■f"  This  experiment  with  the  electrometer  had  been  previouslv  fr'.d  hr  Mr 
Jonathan  Hsaboxr,  of  this  place,  to  whose  fiienilly  aseistance  i  huv«  htxit  occa- 
nooally  mudi  iodditadt  in  tbe  progrcaa  of  theae  Mii|ufiica. 
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the  electrometer  £  was  only  afibeted  by  as  mudi  of  the  duvge 
as  cxwdd  not  pass  immediately  in  the  direction  of  the  small  win; 
When,  therefi>re,  the  eondncting  power  of  the  latter  was  cansed 
to  vBiy,  either  by  change  of  temperature^  sii^  or  qusMly,  sudi, 
variation  was  nmultaneoudy  shewn  by  the  elevation  or  depres- 
sion of  the  fluid  along  the  giadaaled  soale  of  the  dectnmietei; 
and  of  these  changes  the  instrument  seemed  to  be  most  deli- 
cately sensible. 

IS.  ig)  It  does  not  appear  to  be  of  any  oonsequepoe>  how  the 
heat  is  derived  by  which  the  conducting  power  becomes  dimi- 
nished ;  thus,  when  the  wire  m  n  was  causetl  to  transmit  the 
charge  of  a  second  battery  of  sufficient  power  to  heat  it  some- 
what considerably,  the  s:me  result  ensued.  This  was  very 
pleasingly  shewn  by  tlie  ibllowing  arrangement:  Two  electro- 
meters, A  and  B,  Fig.  6,  Ixiing  placed  in  the  circuit  t  r'  rn'  i,  and 
the  elevation  of  the  fluid  observed  in  each :  one  of  them,  A,  was 
connected  with  a  second  battery  C.  and  in  such  way,  that  the 
wire  in  the  electrometer  A  might  exclusively  transmit  the 
diarge  of  this  second  battery,  as  well  as  that  of  the  iirst  *.  In 
this  inrtami^  tlie  eievation  of  tlw  fluid  in  A  was  iBoeeased,  wh^ 
that  in  B  was  decreased;  so  that  the  two  electrometers  A  and  B 
appeared  to  vibrate  as  if  delicately  hslanoed,  the  shghteat  change 
in  the  one  being  accompanied  by  an  opposite  change  in  the 
other. 

14.  It  may  be  inferred  fiom  the  finegoing  ezpenmeati^  that 
the  indications  <^  the  electrometer  (2)  may  be  always  taken  as  a 
measure  of  the  variations  in  the  action  of  a  voltaic  oombinationr 
provided  we  employ  a  wire  in  the  bulb  above  a  certain  d'^mgter ; 
and  that  the  limit  to  the  diameter  of  such  a  •wire,  in  any  given 
case^  may  be  determined  e&penmentaUy  by  observing  the  action 

•  This  can  be  readily  managed  bv  one  £>nrticular  arrangement  of  tlie  connecting 
warn,  whidi  admits  of  the  two  batteriet  operating  tepantely. 
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of  the  bttttery,  in  three  at  fbnr  ptetioos,  both  when  aeparate  and 
oombined.  Thus  if  the  po&its  of  elevation  of  the  fluid  coRe- 
WfjaaA  ivith  the  respective  quantities  of  metal  in  action,  or  veary 
nearly  go^  saiipoeing  the  oomlnnation  arranged  as  a  single  pair  of 
plates,  we  may  fairly  piresnme  that  the  instrument  will  indicate 
any  trilBling  variation  of  power  upon  the  whole.  It  is  reqniaite 
also  to  observe,  that  the  steadiness  of  the  fluid  at  a  given  poin^ 
was  found  to  depend  exclusively  on  the  strength  of  the  acid  so- 
lution and  state  of  the  battery.  When  \hv  zinc  is  moderately 
dean,  and  the  action  soniewliat  brisk,  the  power  of  the  battery 
to  maintain  the  fluid  for  a  considerable  time,  at  a  constant  alti- 
tude is  very  decisive;  on  the  contrary,  when  a  weak  acid  is  em- 
ployed, or  the  zinc  is  loaded  with  oxide,  then  the  effect  is  always 
more  or  less  evanescent,  being  greatest  at  liie  instant  of  com- 
pleting the  circuit,  after  which  the  fluid  sinks  gradually  along 
the  aeale^  untfl  it  leacheirfloDie point  at  whldi  the  eetimt  of  the 
batteiy  may  be  eonadezed  eonatant ;  whikt,  in  other  casea^  no 
rtatieiiaiy  point  can  be  obtained,  and  the  fluid  nnfai  gradually  to 
levOi  IVheOy  howerex^  tiie  battery  is  in  a  gpod  state  for  eqienh 
nent^  and  the  add  sufficiently  strongs  the  fluid  viU  be  observed 
to  rise  steadily,  and  ren^n  stationary  at  some  given  point  of  the 
scale.  The  circuit,  however,  should  in  all  cases  be  made  with 
very  laxge  copper  wires,  of  at  least  one-foiuth  of  an  inch  in  dia- 
meter, and  the  contacts  made  good  and  perfect,  in  the  usual 
way,  by  means  of  mercury. 

15.  The  utility  of  llu-  instrument,  with  some  of  the  attendant 
circumstances,  bavin":;  Ix en  thus  far  investigated,  I  endeavouretl 
to  apply  it,  in  a  variety  of  insLauces,  to  the  further  ehicidation  of 
the  phenomena  of  voltaic  action,  some  few  of  which  it  may  not 
be  unimportant  to  notice. 

(/<£)  The  zinc  and  copper  plate^  already  described  (4),  Fig.  1, 
being  ^poaed  to  the  action  of  a  dilute  add,  and  the  resulting 
eAi!t  dnlhe  dectrometer  notedt  a  aeodod  and  sinuhur  plate  of 
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copper,  previously  placed  on  the  oiher  ride  of  the  ziiu^  vnM 
connect^  with  the  fanner,  ao  as  to  dbnble  the  quantity  of 
copper.  In  this  case^  the  e^ct  m  the  dectvometer,  as  might 
have  been  anticipated,  was  very  consideiably  incieased;  it  ma, 
in  ahnost  eveiy  inatance,  at  the  time  of  nukmg  the  contaeti 
at  least  douhled.  That  si  oonsideraiile  increase  of  power  is  ob- 
tained by  exposing  both  surfaces  of  the  zinc  to  the  influence  of 
copper  plates  is  already  well  known.  It  is  in  short  the  principle 
of  the  WoUaston  arrangement  of  the  voltaic  secies.  But  it  is  not 
perhaps  so  well  known,  that  a  fiirtlier  increase  of  copper,  with  a 
8inj»;lc  plate  of  zinc,  i*^  also  aocompanied  by  a  still  further  increase 
of  power.  Thus  when  the  juimber  of  plates  of  copper  were  qua- 
drupled and  connected,  the  power  of  the  combination  was  great- 
ly augmented.  Tt  appeared,  from  the  few  trials  made,  to  be 
principally  Innitcd  by  the  increased  distance  from  the  zinc  plate 
at  which  the  external  plates  of  copper  were  necessarily  placed. 

16-  With  a  view  of  investigating  the  relation  of  the  con- 
ducting power  to  the  quantity  of  metal,  as  also  the  conductuig 
powers  of  different  metals,  I  resorted  to  an  arrangement  similar 
to  that  lepieflented  in  Fig.  9,  in  vdiidbi  the  given  metal  mn,  the 
subject  of  eqkeriment  was  drawn  into  wir^  and  caused  to  trans- 
mit a  given  accumuhtion,  in  a  cool  fluid  medium,  sudi  as  water ; 
thus  the  error  arising  from  an  delation  of  temperatuie  waa,  as 
&r  as  possible^  avoided  (IS),  the  water  itself  being  inadequate  to 
conduct  any  portion  of  the  duurge  (9).  The  battery  employed 
in  these  experim«nts  was  suq^andedby  bahnce»weig^ts  in  a  con- 
venient frame,  Fig.  4^  so  as  to  remove  it  at  pleasure  from  the 
add,  the  latter  being  contained  in  a  vessel  of  wood,  having  an 
external  glass-tube  rt,  and  a  graduated  scal^  by  which  the 
quantity  of  metal  immersed  within  could  be  ooiieetly  asoei^ 
tained. 

17.  Previously  to  examining  the  nidications  on  the  electrome- 
ter £,  Fig.  S,  with  a  given  wire  mn,  the  force  of  the  battery 
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was  correctly  determined  by  niiiking  the  circuit  with  the  large 
copper  wires  pnif  qii^  through  the  electrometer  E  alone,  or 
othmrise  through  a  second  electrometer  set  apart  for  that  par- 
tumlar  purpoae.  Hie  wire  mn  being  now  inchided  in  the  eir- 
eakt,  the  effect  on  E  was  again  ezaminiBd,  and,  finally,  the  finoe 
of  ihe  batteiy  again  obaerved  as  befi»ie;  any  enor,  therafiifi^ 
wMdi  might  arise  fiom  a  decrease  in  tiie  power  oould  be  de- ' 
teeted  and  oonected  by  the  addition  of  a  souiU  quantily  of  acid, 
or  by  bringing  a  farther  portion  of  the  battevy.into  action  \  the 
variationB,  however,  in  this  respect,  for  a  short  scries  of  expeii^ 
ments,  were  mconsideEabl^  and  very  easily  rectified.  The  wire 
in  the  electrometer  E  was  about  the  s\\h  of  an  indi  in  diameter, 
and  was  such  that  the  indicationB  on  the  scale  corresponded  veiy 
nearly  with  the  increased  power  when  successive  and  equal  por- 
tions of  the  battery  were  immersed.  I'he  follo\\'ing  are  a  few  of 
the  many  interesting  fects  which  seemed  to  be  elicited  by  the 
method  of  investigation. 

(»)  When  lour  wires,  who^  diameters  varied  from  the  tIo^ 
to  the  th  of  an  inch,  were  successively  placed  in  the  circui  , 
as  in  in  //,  i  ig.  3,  the  indications  of  the  electrometer  A  with  the 
less  perfect  conductors,  sucli  ui»  platinum  and  lead,  seemed  for 
the  most  part  in  the  ratio  of  these  diameters :  with  the  more 
perfect  oonductora^  sudi  as  sOver  and  copper,  the  wires  of  iSbB 
lesser  diametets  only  corresponded  to  the  same  tatio^  whilst,  on 
the  oontrsry,  the  smallest  wires  of  the  inferior  conductors  seem- 
ed, as  already  shewn  (7)  to  be  in  a  ^eat  degree  inaccessible  to 
the  inflwence  of  the  action.  The  following  Table  contains  the 
results  cH  some  expoeiments  with  a  ^en  chaige  on  copper,  pla^ 
tinum,  and  lead,  three  metals  wbidi  i^ipear  to  differ  materially  in 
their  conducting  power. 
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19.  TKia  order,  with  the  exception  of  tin,  m  about  the  same 
as  tliat  already  observed  with  the  common  electrical  discharge*, 
and  waii  iiivaruibly  .shewri  when  tiie  wires  were  placed  in  the 
circuit,  externally,  as  above  described.  It  is,  however,  hable  to 
exceptions  when  deduced  &am  the  heatii^  effects  obeyed,  hy 
indadnig  the  metaib  in  fhe  filectrometer ;  hence,  in  applying 
the  princqde  arrrred  at  by  Mr  Cbii^dren,  in  the  coane  of  fak 
fine  ei^eiinients  irith  a  betteiy  of  large  platei^  that  the  beat 
evolved  by  the  metal,  whilst  tnomnitting  the  cfaaige^  is  in  solne 
invene  latb  of  theeondueting  power,  we  must  take  into  aooonnt 
the  ciicunutanoes  already  noticed  (10),  from  which  it  appeals 
diat  the  best  conduetois  may  appear  occasionally  to  be  the  most 
heated ;  it  is  therefore  only  in  emjdoying  charges  within  the 
limit  of  the  transmitting  power  that  the  above  principle  becomes 
api^icable.  The  following  is  an  experimental  illustration  of  this 
with  the  metals,  copper  and  platinum,  when  snefeteej  m  ihe  Mb 
of  the  electrometer. 


TABLE  VI. 


sue 

Thus,  when  the  force  is  great,  the  best  conductor  is  the  most 


wfe  *  good  Goirtact,  Ihe  lurEioei  fadi^  dim  and  Air.  The  conducting  powers  were 
aaiMrtdiMdaooc«dbgtotbeiiiediod  deMaibed  in  In  tUs  caM, 

the  battery  was  provided  with  twn  additional  cantact  cups;  with  these  the  forcep 
wires  above  mentioned,  were  made  to  connect  at  pleasure  by  the  intervention  of  c  nps 
containiag  mercury  in  which  they  were  secured,  and  sustained  on  pillars  of  glass,  as 
in  mn,  Ttg*  8. 

*  TnuMMtiom  of  lihe  Rayal  SodeCjr  of  London,  tat  d»  year  18S1,  pb  408. 
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TABLE  IV. 


Va.1. 

1 

•M 

MS 

Copper,   •  •  . 

6(f 

15^ 

Platinuca,     .  . 

49 

so 

21 

4 

Lead,  .... 

27 

18 

2 

It  may  be  obaemd,  by  refereiice  to  fhe  above  Table*  that 
tbe  amaUfiBt  copper-wire^  Ko.  4»  as  compared  wilii  the  largest, 

No.  1,  indicated  a  conducting  power  in  the  latio  of  its  diameter. 
The  same  is  observable  on  comparing  No.  2.  and  Na  S,  toigether, 
whilst  the  conducting  power,  indicated  with  the  copper-wiiefl^ 
No.  1.  and  No.  2,  seemed  for  the  particular  charge  employed  to 
be  the  same  ;  hence  these  wires  transmitted  the  force  in  action 
e^jiially  well, — the  dirtt  ronces  in  ther^pcctive  quantities  of  metal, 
therefore,  did  iiut  Ik  (  oint  apparent.  On  the  contrary,  the  wires 
of  the  less  ]>erfert  <  onductors,  platinum  and  lead,  Nos.  1,  2,  and 
S,  iiiditated  a  cuiiducting  power  exactly  in  the  ratio  of  their  dia- 
meters, or  very  nearly  so^  whilst  the  indications  with  tlie  smalket 
wires  of  ihese  metals^  Noi  4^  were  inooosidenible. 

18.  (A)  The  deductions  amved  at^  on  '*™"™"«g  in  Ifaia  way 
the  condnctiiig  power  of  Tarious  metals,  were  as  follows ; 

Itt,  That»  fbr  certain  and  given  small  fonses,  the  differences 
in  the  ccmduding  powers  Tanish,  each  metal  being  equally  eflGU 
dent ;  a  result  quite  oonsiBtent  with  that  already  airived  at  in 
the  preoediiig  section  (17),  with  the  copper  wues,  Nos.  1.  and  H. 

9dt  The  diiferences  in  the  conducting  powers  become  more 
apparent^  within  a  certain  limit,  as  the  force  of  the  battery  in- 
creases, the  exact  pn^rtions  in  wliioh  the  differences  increase 
with  the  incieaaed  power,  I  could  not  oonectiy  ascertain. 
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In  ihe  mat  Table  axe  given  llie  lemUs  of  stm  few  eiperi- 
ments  on  yme»  of  platuiiim  and  copper,  of  about  the  ^ 
inch  in  diameter. 


TABLE  V. 


(Copper,     .  , 
i  Plaiiuum,  .  . 

«!• 
!!• 

f  Copper,     .  . 
iPlatinuiD,  .  . 

«• 

}  11' 

f  Copper,    .  . 
iPlatinam,  .  . 

5' 
9' 

}  ' 

The  conducting  powers  of  the  above  metals,  thorefore,  with  the 
decreasing  force  of  the  battery,  constantly  tended  to  a  ratio  of 
equality  ;  and  it  was  subsequently  found,  by  employing  more 
delicate  electrometers,  by  which  a  much  less  charge  became  ap- 
preciable, that  the  indicated  conducting  powers  were  at  last  pre- 
cisely equal. 

Sdf  The  order  of  succession  of  some  of  the  metals,  as  regards 
their  oondncting  power,  was  obaerred  to  be  as  follow : 

Siker,  copper,  linc^  goU,  tm,  iron,  pUtinuni,  lead,  antimony. 
It  mercury,  Umiuth  *. 


*  The  conducting  powers  of  antimony  and  bismuth  have  been  determined  sub- 
lequently  to  die  period  at  which  die  p^er  wee  leed.   Tliea»  eneteb  weve  a 

bexB,  and  compared  with  MM,  tu^  iod  leid,  treated  in  a  anOer  yn^^—m 

suggested  to  me  by  Mr  FoanES,  who  was  so  good  as  tti  honour  me  with  •  conununi- 
cedoa  on  tliis  subject.  Mercury,  in  its  fluid  state,  was  examined  Jn  e  aomewbat 
Hnuhr  way,  by  causing  it  to  fonn  a  fluid  bar  of  like  dimeiudoae  to  the  preceding,  by 

means  of  a  groove  cut  in  a  sup]X)rt  of  dry  mahogany.  Tlie  bars  were  each  six 
inches  \on^,  and  about  the  one-t.'i<i;litli  of  an  inch  squari'.  Tl)cy  were  held  stfureiy 
betweeo  stout  forcep-wires,  having  compressing  screws,  as  in  m  n,  Fig.  S,  so  as  to  in- 


Digitized  by  Google 


MetaSk  Bodka  by  Vottak  Ekariei^. 


SSI 


heated;  when  kM^  then  the  inferior  conductor  is  the  nuwt 
hested. 

SS.  Theae  eaqperimenta  Beem  calculated  to  establifih  many 
impintant  points  connected  with  voltdc  action,  nevertfadesB  it 
is  always  essential  to  remember,  that,  with  our  piesent  imperfect 
prehension  of  the  causes  of  dectridty  and  heat,  an  exact 
knowledge  of  emy  observed  eflfeet  cannot  be  fiirly  expected ; 
the  results  of  these  and  similar  inquiiiei^  therefore,  must  be  con- 
sidered merely  as  useful  a[^rodoDUtions  toward  a  hig^  degree  of 
theoretical  pttfecti<»i.  The  instniment  resorted  to  in  prosecuting 
the  foregoing  researches,  although  not  entirely  without  the  limit 
of  objection,  is,  nevertheless,  convenient,  and  useful  in  practice, 
and  sufficiently  perfect  for  the  puqx)ses  to  which  it  is  intended 
to  he  apjilied  in  cases  where  it  is  thought  desirable,  mercury, 
as  already  observed  (2),  may  be  used  for  indicating  the  degrees 
of  force  instead  of  the  coloured  fluid :  in  this  case,  however,  the 
tube  for  regulating  the  divisions  on  Uie  scale  should  be  much 
finer. 

Plvmodtb,  Mtjf  5. 18S1. 


▼OL,  XII.  FAET  I.  V  f 
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On  the  Law  qf  the  Diffusion  of  Gases.    B)  Thomas  Graham,  Esq. 

M.A.  F.R.S.Ed.  &c. 

(Mmd  ikeemier  19. 1831 J 

It  is  the  object  of  this  paper  to  establisli  vuUi  numerical  isiiMit- 
ness  the  ibUowing  law  of  the  Difi'uaion  of  iimes : 

^  The  difimioii  or  spontaneous  intennixture  of  two  gases  in 
avtad^  k  rffected  faj  an  interohangc  in  ^lontaQii  of  ii^tefinit^ 
miDute  Tolumea  of  the  gaaea*  which  vduineB  are  not  necessarily 
of  equal  magnitiide^  bdn^  m  the  ease  of  each  gas,  mTersely  pro- 
portional to  the  square  root  of  the  Densitjr  of  diat  gas.** 

These  replacing  ▼tdumes  of  the  gases  may  be  named  ejimw- 
lent  volumes  ^  diffusion,  and  are  as  foUows :  Air,  1 ;  Hydrogen* 
8.7947;  Carbureted  hydrogen,  1.34.14;  Water-vapoiU",  1.2649; 
Nitrogen,  1 .0140 ;  Qigrgen,  0.9487 ;  Carbonic  add,  0.8091 ;  Chlo- 
rine, 0.G325,  &c. ;  numbers  wliich  are  inversely  proportional  to 
tbc  sqnar?  root'>  of  the  densities  of  those  ^ases,  being  the  recip- 
rocals of  the  s(|uare  roots  of  the  densities,  the  density  of  air 
being  assumeti  as  unity. 

If  the  two  gases  are  separated  at  the  outset  by  a  screen 
having  apertures  of  insensible  magnitude,  the  interchange  of 
"  equivalent  volumes  of  difiusion "  takes  place  throuirrh  tliese 
apertures,  being  eflFected  by  a  force  of  the  highest  intensity ; 
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and  if  the  gases  axe  of  unequal  density,  there  is  a  <  on-c  quent 
accumiyi^ion  on  the  side  of  the  heavy  gas,  and  loss  on  the  side 
of  the  light  gas.  In  the  case  of  air,  for  instance,  on  the  one 
side  ot  the  screen,  and  hydrogen  gas  on  the  otlier,  a  process  of 
exchanging  1  measure  of  air  for  3.7947  measures  of  hydrogen, 
tlmnigh  the  apertures,  is  coDunenoed,  and  ooDtmneii  ^  tiie 
guei  on  both  sides  of  the  screen  are  in  a  state  of  unifiDnn  mix- 
tuie.  Ejqperiioeats  on  thk  imnciple  can  be  made  with  esse  and 
predsian,  as  will  appear  in  the  sequel,  and  affind  an  elegant  de- 
monstiatkm  of  the  lav. 

There  18  a  siqgidar  observatiaa  of  DoKBsmniifBa,  ivhich  die- 
miBts  seem  to  have  ne^^eeted  as  wfaoQy  inexplicable^  on  the 
escape  of  hydrogen  gas  by  a  fissmne  or  CEack  in  glas»-receivers, 
whidi  beloQgB  to  this  sulivjec^  and  from  which  I  set  out  in  the 
inquiry.  Having  occasion,  while  engaged  in  his  researches  on 
spongy  plntinmn,  to  collcrt  large  quantities  of  h}  flrocr-n  gas,  he 
accidentally  made  use  ot  a  j  ir  which  had  a  sliglit  crack  or  fissure 
in  it.  He  was  surprised  to  hnd  that  the  water  oi'  the  pneumatic 
trough  rose  into  this  jar  one  and  a  half  inches  in  twelve  hours, 
and  tliat,  after  twtiit>-luiir  hours,  the  height  of  the  water  was 
two  inches  two-thirds  above  the  level  of  the  water-trough. 
During  the  expcrimenl  ntither  tlie  height  of  the  barometer,  nor 
the  temperature  of  the  place,  had  sensibly  altered. 

In  otlier  experiment,  he  substitiited  g^ass  vesssb  of  verjr  di^ 
fexent  fiNrms,  tubes,  bell-jars,  flasks,  aU  of  which  had  fissiues.  In 
every  one  of  ihese  vcssdi^  filled  with  hydrogen,  the  water  rose^ 
after  some  hauis*  to  a  certain  height.  On  oovering  one  of  these 
vessels^  containing  hjdragen,  by  a  leoeiver-Hir  on  filling  the 
vessel  with  atmospheiic  air,  oxygen  or  aaote^  instead  of  hydxo- 
gm— he  never  observed  a  change  in  the  original  volume  of  the 
gss.  He  thinks  it  probable  that  the  phenomenon  is  due  to  the 
capillary  acti<m  of  the  fissure^  and  that  the  hydrogen  only  is  at> 
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tracted  by  the  fissures,  and  escapes  through  them  on  account  of 
the  extreme  of  its  atoau*. 

Hiis  explanatioii  is  reiktered  imikrobable  by  the  dnsmnBtanoe^ 
that  hydrogen,  of  all  the  gases,  waa  condensed  and  abaodbed  iridi 
greatest  diflteully,  and  in  amaUeal  quantitf,  by  charcoal  and  tiie 
oflier  poroua  aabfltanoea,  tried  by  Sauisurb.  And  we  have  no 
reason  to  nqipose  ibat  the  particles  of  hydrogen  are  smaller  than 
those  of  the  odier  gsses* 

On  repeating  Doebbkeiner's  experiment,  and  Tsijuig  tibe 
circunistances,  it  appeared  that  hydrogen  never  escapes  out- 
wards by  the  fissure  without  a  certain  prapoKtiflii  of  air  returning 
inwards.  In  the  experiment,  however,  as  originally  performed, 
it  is  e-^ident,  that,  as  soon  as  the  water  rises  in  the  jar  above  its 
outer  level  <ur  will  hegin  to  be  forced  into  the  jar  mechanically 
through  the  fissure,  by  the  pressure  of  tlie  atmosjiherc,  indepen- 
dently of  what  we  shall  suppose  enters  by  diliusiori.  But  if  we 
press  down  the  jar  of  hydrogen  to  a  certain  depth  in  the  water- 
trough,  so  that  the  level  of  the  water  without  is  kept  constantly 
higher  than  the  level  of  the  vnter  within  the  jar,  then,  on  the 
contrary,  a  porticm  of  the  hydrogen  will  be  Ibroed  out  mechani- 
cally by  the  pressure  to  which  the  gss  is  subject  In  the  last 
circumstances^  however,  no  air  can  enter  by  the  fissure  and  mix 
with  the  hydrogen,  except  by  diflusion,  or  in  exchange  for  hy- 
drogen.  Now,  in  a  great  number  of  experiments  of  this  kind, 
the  air  which  entered  by  dilBision  amounted  to  between  one-fifth 
and  ononfourth  the  hydrogen,  which  left  the  reoeiTer  at  the 
same  time.  But  when  the  circumstances  were  reversed,  and  the 
column  of  water  allowed  to  rise  in  the  jar  above  the  level  of  the 
water-trough,  the  quantity  of  air  jrhich  entered  by  difiusion  was 
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increased  by  a  portion  which  entered  mechanically ;  and  varied 
from  a  third  to  a  fourth  part  of  the  hydrogen,  which  escaped  at 
the  same  time.  The  results,  tlicrcfore,  oscillate,  as  they  should 
do,  about  our  tlieoretical  number.  One  volume  air  should  re- 
place 3.7947  voUimes  hydrogen ;  or  the  whole  hydrogen,  on 
escaping  from  the  jar,  should  be  replaced  by  little  more  than 
one-fourth  of  its  bulk  ol  air,  and  a  very  great  contraction  ensue. 

But  it  is  unnecessary  to  detail  experiments  made  with  the 
jar  with  the  fissure,  as  with  every  precaution  they  were  not  pre> 
cise^  although  at  all  times  compatible  with,  and  indeed  lUnstra- 
thre  ofi  the  law.  Tims  a  sendUe  coDtraction  always  took  place 
in  the  bulk  of  the  gaseous  contents  of  the  jar  when  filled  with 
caibuieted  hydrogen  of  roarehes,  m  with  coal-gB%  which,  like 
hydrogen,  are  lifter  than  air,  and  ou^t  therefore  to  be  re- 
placed by  less  than  equal  volumes  of  air.  With  olefiant  gas  and 
carbonic  oxide^  which  approach  closely  to  the  d^sity  of  air,  no 
contraction  was  perceptible,  not  attributable  to  other  causes,  al- 
though the  gases  as  usual  wholly  escaped.  In  the  case  of  car- 
bonic acid,  which  is  heavier  than  air,  a  slight,  hut  positive,  ex- 
pansion appeared  to  take  pJao^  the  expenmeut  being  peifoimed 
over  mercury. 

Hut  the  same  fissure  or  opening;  never  allows  the  process  of 
diU'usion  to  go  on  with  the  same  degree  of  rapidity  in  two  suc- 
c^ive  experiiiitiiits,  jjrineipaUy,  I  believe,  from  its  size  changing 
with  variations  in  its  condition  in  regard  to  humidity.  The  fis- 
sures appear  to  be  extremely  minute,  for  we  cannot  cause  cither 
au-  or  the  gus  employed  to  flow  through  them  mechanically,  at 
the  same  rate  as  it  passes  by  the  agency  of  diflhskm,  without  the 
application  of  considerable  ptessuze.  Artificial  chink%  audi  as 
that  obtained  by  pressing  together  ground  glass-platei^  car  in 
phials  fitted  with  accurately  ground  glass-stoppers^  allow  gas  to 
pass  through  under  the  dig^iteat  pressure  and  do  not  aaswer  for 
the  experiment.  ' 
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The  effetls  Mere  made  mucli  more  striking,  in  some  respects, 
by  the  discovery  that  Wedgewood  stoneware  tubes,  such  as  are 
used  in  fiimace  experiments,  admit,  from  their  porous  structure, 
of  being  substituted,  instead  of  jars  with  fissures.  When  shut 
at  one  end,  as  they  are  sometimes  made,  they  may  be  managed 
like  other  cylindrical  gas  leeeiTCn.  Those  whack  are  nnglaaed 
are  most  nihable;  but  do  not  vufwet  the  purpose^  if  etCher  vny 
dxy  or  too  damp^  being  permealde  by  a  gas  under  the  slightest 
pmasuie  in  the  one  eaae,  and  perfectly  air-tight  in  the  other. 
The  fiiiDowing  experiment  iQuatratea  the  force  and  rapidity  with 
which  diffusion  prooeeds.  A  stoneware  cylinder  was  entire^ 
filled  with  hydrogen  gas  over  watcr»  and  transfisned  to  the  mer- 
curial trough :  in  forty  minates  the  mercury  rooe  to  a  height  of 

inches  in  the  receiver  above  the  level  of  the  raercuiy  in  the 
trough ;  half  of  the  hydrogen  had  escaped,  and  had  been  rqdaoed 
by  about  a  third  of  its  Tfdume  of  air. 

But  these  modes  were  .superseded  by  the  use  of  Faris-plaster 
as  the  |X)rons  iTitormcflinm 

A  simple  instrununiU  winch  1  sliall  t-^ill  a  Diffusion-tube,  was 
constructed  as  follows.  A  glass-tube  ojx?n  at  botli  ends  wrxs  se- 
lected, half  an  inch  in  diameter,  aiul  from  six  to  fourteen  inches 
in  length.  A  cylinder  of  wood,  somewhat  less  in  diameter,  was 
introdticeil  luto  the  tubo,  so  us  to  occupy  the  whole  of  it,  with 
the  exception  ot  uIkjuI  one-fifth  of  an  inch  at  one  extremity, 
which  space  was  filled  with  a  paste  of  Paris-plaster  of  the  usual 
consistence  for  castes.  In  the  eoorse  of  a  fiw  minutes  the  plas- 
ter 8et»  andt  wididntwing  the  wooden  cylinder,  the  tube  fonned 
a  receiver  closed  with  an  immoireable  plug  of  atnceoi.  Hie  less 
water  employed  in  shildng  the  Pkris-plast^,  the  more  dense  is 
the  plug^  and  iJie  more  suitable  fiir  the  purpose.  In  the  wet 
state  the  plug  is  air-ti^t ;  it  was  therefixe  dried,  either  by  ex- 
posure to  the  air  for  a  day,  or  by  placing  the  instrument  in  a 
temperature  of  SOO**  F.  for  a  few  hours ;  and  thereafter  wis  per* 
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mfisUe  lij  gaseB,  even  in  the  moat  humid  atmotpliwe^  if  not  po- 
otiTidy  wetted.  The  tube  was  finally  graduated  by  meanB  of 
mercury  into  huixkedths  of  a  cubic  mch,  and  die  notatioD^  m  m 
usual  with  gv-rcceivers,  counted  firom  the  top. 

When  such  a  difiusion-tube,  six  inches  in  length,  was  filled 
with  hydrogen  over  jrteronry,  the  diflPiision,  or  exchange  of  air 
for  hydrogen,  lastantly  conmu  nrod,  tlnough  the  iiunute  ]X>res 
of  the  stucco,  and  proceeded  ^vith  so  much  force  and  rapidity, 
that  witliLii  three  minutes  the  mercury  attained  a  height  in  the 
receiver  of  upwards  of  two  inches  above  its  level  in  the  trough. 
Within  twenty  luiiiutes  the  whole  of  the  hydrogen  had  escaped. 

In  conducting  such  experiments  over  water,  it  was  necesi>ary 
to  avoid  wetting  the  plug.  With  tlus  view, 
before  filling  the  diffiifflon^tube  with  hydvcv 
gen«  the  air  was  withdrawn  hj  placing  the 
tube  upon  the  short  limb  of  an  empty  sy- 
phon (see  figure),  which  did  not  readi,  but 
came  within  half  an  inch  of  the  plug,  and 
then  sinking  the  instmmrat  in  the  water- 
trough,  so  that  the  air  (Scaped  by  the  sy- 
phon, with  the  exception  of  a  small  measure, 
which  was  noted.  The  diffusion-tube  was 
then  filled  up,  either  «itirely,  or  to  a  certain  extent,  with  the 
gas  to  be  cliausiid. 

•  The  ascent  of  the  water  in  the  tube,  when  hydr(^n  is  dif- 
fused, forms  a  striking  expenment.  In  a  diif'usion-tube  fourteen 
inches  long,  the  water  naes  six  or  ^^t  indifla  in  as  many  rai- 
mitea.  llieoobimn  of  wata  attains  in  a  abort  time  its  maximum 
haiglit)  at  which,  however,  it  is  never  kog  sustained ;  fiir  as  in 
DoaBSRBZNB»*s  esperimeot,  air  is  aU  ahmg  Atering  meefaanieal- 
ly  thnii^  the  porous  pli^  in  auch  cicoamstanoei^  from  the  piea- 
sure  cf  the  atmosphere ;  andsfker  ifaediffiiaiQn  is  oveiE^  the  water 
sabsidea^  in  the  oomae  of  several  houi^  to  the  genenl  leteL  In 


228 


Mr  G&AHAH  on  the  Law  of 


experimentB  made  mth  the  puipoae  <tf  detenmnmg  llie  pn^or- 
tioii  belnreen  the  gas  tiffined  and  <3ie  ietonwnr,it  was  dierefine 
neoeauoy  to  gnaid  against  any  ineqnaUty  of  prassun^  wludi  was 
managed  mudi  nuxre  easily  when  the  tube  was  standing  over 
water  than  over  mercury. 

The  cqiacity  of  a  mass  of  stucco  to  absMb  and  condense  in 
ita  penes  the  rarious  gases*  was  made  the  subject  of  experiment, 
as  this  properly  might  interfere  with  the  results  of  diffusion. 
The  mass  was  previously  dried  at  200"  F.  It  absorbed  at  the 
tempemtuie  of  the  atmosphere  which  at  the  time  was  78**. 

63  voliiiiiec  ammodacal  gsa, 
0.7ff    H     aulpburaw  add  gm, 

0.5       „  cyanogen, 

0.45     y,     sulphureted  hydragen, 

0.eS    „     catbouic  add. 

Oxygen,  hydrogen,  nitrogen,  caibonie  oxide^  olefiant  ^m,  ooaU 
gas,  wCTe  not  absorbed  in  a  sensible  proportion,  even  when  the 
temperature  was  58^  It  is  evident,  therefoze^  that  the  absorbent 
power  which  stucco  enjoys,  as  a  porous  substance,  is  inconsider- 
able. Placed  in  humid  air,  the  same  mass  of  stucco  absorbed  1^ 
per  cent,  of  hygrometric  moisture.  In  setting,  100  parts  of  the 
stucco  had  retained  parts  water  uncombined,  which  escaped 
on  drjing  at  a  moderate  temperature,  so  as  to  avoid  decompos- 
ing the  hydrated  sulphate  of  hme,  Tt  i-an  bo  shown  from  this, 
that  the  vacuities  must  have  amounted  to  ouo-third  of  the  vo- 
lume of  the  mass. 

I  shall  treat  in  succession  of  the  escape  of  the  diiferent  gases 
from  a  diflluion  hMtrtnnent  into  aic*  As  the  oontained  gas  bears 
no  proportion  in  quantity  to  the  eztemal  air,  the  gas  escapes 
entirely,  and  is  wholly  replaced  by  air.  It  ts  of  the  utmost  im- 
poctanoe  to  determine  the  propcnrtion  between  the  Tokune  of  gas 
•diffiised*  and  the  it^dacing  volume  of  air  eventually  fiwnd  in  the 
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iiistiument.  We  thus  obtain  the  equwnh'ni  ^fifff/yi'i/i-iudunte  ol 
the  gas,  which  it  will  be  convenient  to  btate  in  liLinibers,  with 
reference  to  the  n  pLicing  volume  of  air  as  unity.  I  shall  begin 
mth  hydrogen  ga^,  although  attended  with  peculiar  difficulties 
as  it  introduces  in  a  dntinct  maimer'  to  our  notice  aeveisl  dot- 
Gumstaooes  which  may  slightly  modiiy  the  iesults  of  diflbsion. 

L  D^gmuuhAMdume    Hydrogen  Gat. 

I  shall  in  this  paper  adopt  the  qpedfic  gravities  of  the  gsses 
generally  receiFed  in  this  ocmntry.  Of  hydrog^  the  q»edfie 
gra^ty  b  0.0694  (air  =  1),  of  winch  number  the  square  root  is 
0.2685.  Now,  according  to  our  law,  I  volume  hydrogen  should 
he  replaced  by  0.i2635  air.  But  to  have  the  replacmg  volume  of 
air  =  1, 

0.S685  :  1  :  :  1  :  8.7947; 

or,  -  ^     =:  3.7947 ;  that  ia,  1  air  should  replace  3.7U47  by- 

diogen.  With  the  specific  gravity  of  hydrogen  adopted  by  Bkk> 
ZEI.IU8,  namely,  0.06885»  the  equivalent  diShsion-volume  of  hy- 
drogen  is  S.8149* 

In  a  diffusion-tube  standing  over  water,  temperature  6'5",  88 
volumes  hydrogen  were  rcplan d  hy  526  idr;  84  hydrogen  hy  S5 
air ;  and  in  anoUier  tube,  1  SO  hydrogen  by  38  air.  Tlie  quan- 
tity of  return-air  is  here  relnf  ed  to  the  IndronoTi  diffn^^rd.  as  1 
to  .3.38,  S.3(i,  and  3.42,  nmnlH  rs  \\\\\v\\  ;i])j:in);icli  to.  but  fall 
short  of,  the  tlu'ori'tical  diti'iisioii-volninc  of  1iv(1i-ol''oii.  n;iMioly, 
3.79.  Hilt  tlif  Indro^^on  in  ihoo  experiments  wiia  saturaied 
with  vaj>oui  at  li  V .  w  hidi  would  luake  its  density  0.0809»  and 
reduce  its  difhisioii-vuluiiie  to  3.51G1  ;  while  the  air  without, 
hcwvi,  c  oiiqmrativcly  dry,  would  be  somewhat  expanded  qfiar  it 
eutt  i  til  the  diffusion-tube^  by  the  ascent  of  vapour  into  it  This 
would  occasion  the  quantity  of  retunMur  to  appear  greater  than 
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it  sliould  be ;  but  it  is  difficult  to  find  elements  for  a  proper 
correction,  as  not  only  tite  quantity  of  vapour  in  tibe  atmosphere 
must  be  taketi  into  aasoont,  but the  hyginmetiM  state  of  tlie 
phig  itself.  The  inoeased  letum-fldr,  1ioiravcr«  endenHy  loiven 
tbe  diffliaoB-vdume  <tf  the  hydrogen  gu 

Witli  the  view  of  increuing  die  oapadty  of  the  iiaUiuueBl^ 
and  the  number  of  its  diviaionsi  and  of  obviating  the  intecfeiwnee 
of  vapour,  the  mode  «f  pexfbnmng  the  e^eximent  was  varied. 
OsL  a  tube^  fiiitr4entbs  of  an  indi  in  diameter,  a  bulb  ef  two 
indies  in  diameter  was  blown,  as  in  figures 
A  and  B.    The  tube  above  and  below  the 
bulb,  in  the  case  of  A,  was  graduated  into 
two-hundredths  of  a  cubic  inch.   The  upper 
end  of  the  tube  was  closed  by  stucco,  as  in 
the  case  of  the  simple  diffiis ion-tube.  The 
general  mode  of  proceeding  wiU  be  best  con- 
ceived from  the  recital  of  the  details  of  a 
particular  experiment. 

The  diff'usion-in.strunient  employed  in  the  following  experi- 
ment contained  8j5  measures,  and  was  of  the  form  A.  Hie 
stucco  plug  was  unusually  larg^  being  O.C  inch  in  length,  wfaidi 
qoeaaioned  the  difRiwon  to  be  dow«  At  the  commencement  of 
the  esperiment  the  diermometer  stood  at  68%  and  the  barome- 
ter inches.  The  bulb  being  sunk  in  wator  vnth  the  air- 
syphon  in  it,  the  whole  air  was  withdrawn,  with  the  ezeeption  of 
IS  itaeasures,  and  iSie  instrument  fiUed  up  with  newly  made  hy- 
drog^  gps.  So  that  at  the  outset  we  had  in  the  instniment, 

Air  inth  its  vapour,       .      .      .      .  12 

Hydrogen,  «28.83 

Vlfdur^accompimyiog  the  hydrogen  at  68°),  19ll7 
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As  soon  as  it  was  filled,  it  was  placed  in  a  glass-jar,  of  about 
the  same  height,  with  a  little  water  left  in  the  bottom,  and  in 
proportion  ns  the  water  ro'^e  :n  the  tulx;  of"  A,  from  the  subse- 
quent contraction,  the  jar  ^\  a^  iilled  up  by  repratofl  nflditions  of 
watrr,  -^o  as  to  keep  the  sux'face  ot  tlie  water,  withni  mnl  an  itliout 
tlie  iul)e,  as  nearly  as  possible  at  the  same  level.  Witli  the  view 
of  having  the  external  air  in  a  constant  state  in  regard  to  humi- 
dity, means  were  taken  to  saturate  it.  A  small  cone  of  damp 
paper  was  inverted,  like  an  extinguisher,  over  the  upper  part  of 
the  instrument ;  the  jar  containing  the  inatroment  pbioed  on 
t&e  flhelf  of  thd  pneiUMitie  trough,  and  »  bell-jar  with  an  opemng 
at  the  top,  whidi  could  be  shut  at  pleasure  ioTerted  oyer  the 
whole  Thp  retnm-air  must  thereAwe  have  been  in  the  same  state, 
in  re^ud  to  humi^ty,  as  the  hydrogen  itaelf.  Aqueous  vapour 
wouM  diiufle  neitlwr  outwards  nor  illwardi^  as  it  existed  in  the 
aame  proportion  on  both  aides  of  the  plug;  but  dry  hydrogen 
only  would  be  eidianged  ibr  dry  air,  in  the  proportion  of  tbeir 
eqtdvalent  diAi8ioii-Tolnnies> 

In  the  first  thirty-four  minute^  ihe  gaseous  contents  of  the 
bulb  were  diminished  by  95  measures,  and  ultimaidy,  in  twenty- 
six  and  a  half  hours,  they  were  reduced  to  227  measure^  which 
were  common  air.  The  contraction  in  this  and  other  cases,  in 
idiich  the  water  rose  into  the  bulb,  was  determined  by  weigh- 
ing, at  the  end  of  the  experiment,  the  water  which  had  entered ; 
a  mode  which  n  dm  its  of  even  greater  nicety  than  measuring  the 
bulk  of  residuary  gas  in  a  graduated  vessel. 

With  tlie  view  of  obtaining  elements  fm  .j  <  oi  roetion  for  any 
change  in  the  bulk  ot'  the  gas,  which  might  t.ike  place  during 
the  continuance  of  the  experiment,  from  changes 
in  temperature,  pressure,  or  from  solution  of  the 
gas  in  water,  a  receiver  was  made  of  the  same 
tube,  with  a  bulb  of  nearly  the  same  capacity  as 
the  diflbaion  instrument,  but  dose  at  the  top. 
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This  rcceiror  was  also  nearly  fillwl  at  the  commencement  of  the 
experiment  with  hydrogen  gas,  and  the  quantity  of  gas  not- 
ed^  the  tube  being  graduated.  The  hydropr'n  in  this  standard 
receiver  contractetl  ^V^l  part  during  the  txpcrinu  nt.  We  have 
therefore  to  increase  the  quantity  of  air  found  ultimately  in  the 
diffusion-receiver  by  ^'^d  part.  In  tliis  way  the  residuary  air  is 
increased  to  229.8  measures,  12  of  which,  or,  more  correctly, 
11.85  (=12  —  8j(12)),  were  present  from  the  beginning.  The 
temperature  was  also  68°  at  the  end  of  the  experiment,  the  same 
as  at  the  begmning.  The  ultiniate  oonteiita  of  the  diflluuHn- 
mfltraineiit  may  be  stated  with  siifficient  aocuracy'as  follows 

Air  and  vapour  originally  pwmt,      .    11.85  ^ 
Dry  air  which  has  entered,  .       .       .  212.84 
Vapour  in  do.  5.11 


The  conclusion  is,  that  S23.83  measures  dry  hydioigeil  have 
been  replaced  by  212.84  dry  air.  Now, 

=  8.87  =:  diffiuioi^voliimeof  hydxogeii. 

The  diffusion-volume  of  hydrogen  comes  out  above  the  theoreti- 
cal numbor  in  this  expezimen^  but  an  additi<«  of  not  more  than 
S  per  cent  to  the  quantity  of  retum-air,  would  leduoe  it  below 
the  theoretical  number.  The  quantity  of  vapour  which  was 
supported  by  the  hydrogen  at  the  oommenoem^t  of  the  eiqpeii- 
ment  was  19.17  measuxefl^  but  at  the  end  of  the  experiment  we 
find  only  6.11  measures  vapour ;  the  diflference  has  condensedi 
fiom  the  loss  of  a  permanently  elastic  fluid  neoesaaty  to  siqiport 
it. 

As  the  quantity  of  hydrogen  and  of  retum-aur  is  ampli^^fd 
in  the  same  proportion  by  vapour,  provided  the  temperature  be 
the  same  at  the  begpnning  and  mlof  the  eKperiment,itis  unne- 
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cessaiy  to  know  the  absolute  quantity  of  vapour  in  either  case, 
in  detetBuning  the  di£5uioii- volume  of  hydrogen.  We  may 
simply  divide  the  gross  amonnt  of  hydrogen  gas  diffiued,  by  the 
gioBB  amount  i£  letnni  air,  llie  quotient  is  the  difiPbsion-vohime 
of  hydioigen. 

* 

Et^perimad  The  tf*ii*lmfait  of  the  stuooo-plug  in  the  in^ 
stmment  used  above^  was  reduced  firom  aix:4enths  to  two-tenths 
of  an  indi,  by  catting  awuy  the  upper  portion.  The  instrument, 
of  the  same  capacity  as  before,  was  now  entirely  filled  with  hy- 
drogen gas.  This  was  effected,  by  first  filling  up  with  hydrogen, 
leaving  a  ^all  quantity  of  air  in  the  upper  part  6t  the  instru- 
ment as  in  the  previouf?  experiment,  then  withdrawing  this  im- 
pure hydrogen  by  the  air-syphon,  and  fillinn;  up  a  sccnnd  or  t^iird 
time  with  the  same  gas,  whereupon  the  proportion  ol'  ui  i  rt  i  nain- 
\nrr  fcasod  to  be  appreciable.  The  apertures  of  the  plug  were 
closed,  by  j>ressir)g  the  finger  upon  its  upper  surface;  and  in 
this  manner  any  dittusion  of  the  liydrogen  was  carefully  guarded 
against,  till  the  process  of  filling  wtis  completed.  The  diffusion 
was  so  rapid  in  the  case  of  the  thin  plug,  tliat  this  additional 
precaution  was  absolutely  required.  Care  was  taken  to  have 
die  retum-aar  saturated  with  moisture  in  this  and  evary  oth» 
eqieriment  of  the  same  kind,  and  inequality  of  pi^ssure  was 
anrdded. 

At  the  beginning  of  the  Gqperiment,  the  instrument  eon^ 
tained  855  measures  hydrogen,  saturated  with  vapour  at  CS**;  in 
three  minutes  a  contraction  of  95  measures  took  pho^  and  in 
tibe  comae  of  an  hour  the  diffbsion  was  sensibly  at  an  end.  The 
instrument,  however,  was  eiqK^ed  for  two  hours  longer,  that  the 
diffusion  might  certainly  be  complete.  During  intervals  so  short 
uniformity  of  temperature  might  be  counted  upon,  Avith  certain 
precautions;  and  the  variations  in  atmospheiic  pressure  were 
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generally  so  mmute,  iliaL  they  might  be  neglected  with  impunity. 
Corrections  for  temperature  and  pressure  mi^t  therefore  be  dift* 
pensed  with,  which  was  ft  giest  Advant|i^.  865  mewUKS  hy^ 
drogen  wme  finind  eventnally  to  be  icflaoed  ligr  £26.5  meamicfl 
air,  both  saturated  with  vapour  at  6$**. 

=  8.774  —  diff'usion-volurae  of  liydrogen.  lliis  deter- 
mination is  somewliat  below  the  theoretical  diff'usion-volum^ 
8.79,  while  the  preceding  determination  was  in  excess. 


ETjwriment  3. — Another  diffusion-instrument  of  the  form 
B,  with  a  dense  plug,  one-tenth  oi  an  inch  in  thickness,  was 
filled  with  water,  which  was  then  poured  into  a  coLinterpoised 
phial,  and  found  to  weigjh  1085.7  grains.  When  filled  over  wa- 
ter, 1065.7  gFain-tneastires  of  gas  are  therefime  intradnoed  into 
this  Instrument^  and  in  this  way  we  express  most  conectly  its 
capacity.  The  Instrunient,  after  the  plug  was  dried,  was  entirely 
filled  with  hydrogen  ga^  as  in  the  preceding  expenmen^  tlier* 
momeler  61^  The  bulk  of  the  dijfl^ision  appeared  to  be  oter  in 
an  bout  and  a  hal(  but  five  hours  were  aUowed  to  the  experir 
ment  Thereafter  the  water  which  had  altered  the  instrument 
was  poured  into  a  oounteipoised  phial,  and  fbund  to  wei^  800.6 
ipnins.  This  last  quantify  represents  the  oontnction,  and  sub- 
tracting it  fsaoL  10S5.7«  we  have  ihe  retunvair  equal  to  S85.1 
^eain  measures.  Now, 

^  =  8.808  =:  diffiisiflii-vohune  ofhydregpn  gas. 

Eaperiment  4. — Same  bulb,  drcumstanoes  the  same^  but 
thermometer  62*.  Time  allowed  for  the  difibsion  four  hoiii& 
1085.7  meaatues  hydro|sen  were  replaced  by  286.1  measures 

air. 

^mil  -  ''79^  =  difiuaon.v(dume  of  hydrogen. 


Digitized  by  Google 


JKdjMHmml  Some  butti^  &e.  'tbcnimnelier  61^  Time 
hours. 

1086.7  jneanues  ibydiqgeB       leplaoed  by  278.4  newows 

=:  3.900  szdiinisioii-Toliime  of  hydrogen. 

£«3peHment  C^-Ssme  bulb^  but  in  this  and  the  soooeeding 

eaqperiment,  the  bulb  \^  a.s  attached  to  the  end  of  a  balance,  and 
oonnterpoised,  so  that  it  adjusted  itself  spontaneously  in  the  jar 
filled  with  water,  in  whidi  it  floated.    Thermometer  60°.  . 
1085.7  measuzes  hydrogen  were  ceplaoed  by  S79.1  measunes 

air. 

=:  8.890 = diffitaoB-vdnine  of  bydn^ 

EgpermeHt  7.~-J5ame  icpeated.  ThemomeCer  61*. 
1085.7  mwuHireii  hydngen  were  replaced  bgr  USStS  wemaKB 

air. 

tjQ^  =.  3.847  :^  diffusion-volume  of  hydrogen. 

The  reflults  of  these  five  last  experiments,  with  the  same  iu- 
strument,  ar^  in  obb  ^ew. 


HflMumorBAam 
Alb 

4 

flf  H^dnt^iii* 

asai 
m* 

18f.t 

3.808 
8.795 
3.900 
8.890 
8.84T 

Moan,    8  W 
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New  hydrogen  gas  was  made  for  each  experiment  by  the  mo- 
derate action  nf  dilute  snlphTiric  arid  on  zinc,  and  it  was  collected 
in  the  diffusioii-instruiuent  i'roni  the  beak  of  the  retort.  The 
observations  could  not  be  made  i^-ith  so  mucli  accuracy  as  to  en- 
title us  to  place  any  reliance  on  more  than  two  decimal  places  of 
the  calculated  dilfusion-volumes.  A  great  variety  of  experiments 
were  performed  on  the  ditFusion  of  hydrogen  with  the  diffusion- 
bulbs  employed  above,  and  several  others  of  similar  construction, 
principally  with  the  view  of  diacovering  the  cause  of  the  shght 
Tariations  in  the  xesultai  and  why  the  quantity  <tf  letom-air  was 
pretty  nni&nnly  aomewhat  leas  than  the  theocetieal  qiuintity» 
which  haa  the  effibct  of  increasing  the  proportion  cS  tihe  hydrogen 
diffiuicni-Tolunie. 

It  appear^  that  when  the  atiiooo-plug  ia  in  a  paicfaed  atate, 
the  quantity  of  zetum  air  is  uniformly  greater  than  it  diould  be. 
Thus  8.65  and  8.69  were  the  diHiuion-Tolumes  of  hydrogen  de- 
duced from  an  experiment,  in  the  one  caae  with  a  ph^  which  had 
been  dried  at  100",  and  subsequently  expoaed  for  several  hours 
to  the  air,  and  in  the  other  case,  with  a  plug  merely  dried  in  i«r, 
temperature  68".  The  ob\'ious  cause  of  this  is,  that  the  air  is 
dried  in  passing  through  the  plug,  and  is  subsequently  expanded 
while  in  the  diffusion-instrument  by  the  asrent  of  vapour  into  it. 
Hence,  the  firet  tmie  a  diffusion-bulb  is  tried,  it  generally  gives 
the  diffusion- volume  of  hydrogen  below  the  truth. 

On  the  other  hand,  I  apprehend,  lliat  wlien  the  pores  of  the 
stucco  aie  saturated  ^viLh  liygrometric  niui.sture,  which,  from  the 
circumstances  of  the  experiments,  must  be  almost  always  the  case, 
the  hydrogen,  in  maldngits  way  througli  the  plug,  actually  avails 
itself  to  a  small  extent  of  this  moisture  inducing  it  to  vaporize 
and  exchanging  places  with  it  instead  of  air.  Hydrogen  which 
escapes  in  thia  way  will  not  be  repiesented  by  vetum-air,  the 
quantity  of  wiuch  is  thus  diminifllied.  Thia  process  however,  ia 
extremely  intricate^  and  haa  not  yet  been  fully  investigated.  Its 
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eftet  is  ineeniaMe  m  the  case  of  the  other  gnae^  of  whidi  the 
diffiision-Tolumes  i^roech  move  dosely  to  that  of  air. 

The  more  dense  and  compact  the  phuter-plug,  the  more  cor- 
rect appear  to  be  its  general  indications.    On  this  account  I 

coinprcs8  the  plug,  while  moist,  before  it  setSi  When  the  plug 
is  of  a  loose  stmctiure,  and  probably  contains  sensible  vacuities  in 

its  substance,  diflPusion  goes  on  -tntb  increased  rapidity ;  but  I 
have  observed,  that  the  proportion  of  return-air  is  notably  dimi- 
nished in  tlie  case  of  the  diffusion  of  hydrogen.  Tims,  in  a  set 
of  exjx?riments  with  a  diffusion-bulb,  having  a  plug  of  this  de- 
scription, and  Httle  more  than  one-tentii  of  an  inch  in  thickness, 
I  obtained,  as  tlie  diliusion-volunie  of  hydrogen,  4.05,  4.04,  and 
4.00.  This  phig  had  been  somewhat  thicker  at  one  time,  and 
then  gave  3.93  as  the  diffusion- vokune  of  hydrogen.  These  ex- 
periments exhibit  an  extreme  case  of  this  deviation.  It  appears 
to  depend  upon  some  physical  property  of  hydrogen  gas  which  is 
peculiar  to  it..  To  obtain  light  upon  this  suhjectf  I  was  led  to 
investigate  the  raite  at  whidi  air,  hydrogen,  and  the  other  gases 
flow  through  the  stuoeo^plug  into  a  vacwmv-under  tlie  influence 
of  medianibal  pressure. 

A  small  bell-jar,  with  an  opening  at  top^  was  used,  which 
opening  was  dosed  with  a  plug  Paris  phnter  of  half-an-inch  in 
thickness,  over  which  a  brass  cap  and  stopcock  were  fitted  and 
cemented.  This  receiver  was  placed  on  the  plate  of  an  air-pump 
in  perfect  order,  and  exhausted.  When  the  stopcock  of  tlie  re- 
ceiver was  eloswl,  nothing  entered  the  exhausted  receiver ;  but 
on  oprniiiu  it.  either  air  entered,  forcing  its  \y\\y  through  the 
pores  of  the  stucco,  or  any  gas  which  might  Ix;  conducted  to  it, 
by  means  of  a  flexible  tube  from  a  proper  magazine. 

The  tiuic  was  noted  m  \vhich  the  nun  ury  of  the  gauge-ba- 
rometer, in  connnunication  with  the  receiver,  fell  two  inches,  al- 
ways setting  out  witii  gas  of  the  tension  of  one  inch  mercury  in 
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the  receiver,  and  stopping  exactly  when  it  attained  a  tensioii  of 
three  inches. 

Ah"  entered,  at^cordiiig  to  eight  or  ten  experiments  made  on 
diHeieiit  days,  in  within  ten  seconds,  more  or  less,  of  ten  minutes, 
and  so  whether  the  air  miB  aalurated  with  aqueous  vapotir  or 
dry. 

The  samevcdume  of  diflbrent  gases  entered  in  the  times  ex- 
pressed in  the  following  table,  under  the  same  psessur^  or  be- 
giiming  at  a  pressure  of  £9  inches  mercury,  and  tenninatiog 
with  a  pressure  of  9Pt  inches ; 


Air,  dry,  - 

10 

0 

Air,  saturated  with  moisture  at  60",  - 

10 

0 

Carbonic  add,           .         .  . 

10 

0 

Nitraj^BB,      ■        •        w  - 

10 

0 

Oxygen,         -         -         -  - 

10 

0 

Carbonic  oxide,         .          •  . 

9 

so 

Olefiant  gasi,             -         -  - 

7 

50 

CoalgM^      -        -        -  , 

7 

0 

HydrajKcn,     ■■        •        •  • 

4 

.  0 

In  repetitions  of  the  experiments,  the  numbers  osdUated  10, 
or  12,  sometimes  20  seconds,  on  either  side  of  the  numbers  given 
in  the  table,  firom  circumstances  which  could  not  ea^y  be  appre- 
ciated. As  the  mercury  in  the  gauge  fesll  not  oontinnously,  but 
by  leapi!^  fiom  adhesion  to  the  g^ass^  liie  eqierimenta  ave  not 
susoeptihle  of  the  greatest  aooxracy. 

The  greater  the  pressure  the  more  rapidly  are  gases  £noed 
tfazoug^  the  pores  of  the  plug ;  but  the  quantity  of  gas  ndiidi 
penetrates  in  a^y  given  time  is  not  exactly  proportional  to  tiie 
pressure  at  least  in  the  case  of  air  and  hydrogen.  By  douUiqg 
llie  pressure^  we  do  not  quite  so  much  as  double  the  quantity  of 
gas  finoed  through;  or  a  fixed  quantity  of  gas  does  not  enter  m 
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half  time  iindjer  double  pressure,  as  will  be  evident  from  the  foi- 
kming  table  of  obsearvations.   Pressure  of  atmoqpbere  SO  inches. 


BaioflMtcs  in  incnn 

MMm 

Intand  «f 

t 

tiM  to 

hMh  by 

Htokmw. 
Tntervd  cf  tine  In 
m\ng  one  iBdi  1)7 

gauge. 

Minutes. 

Seconds. 

Minuter 

xy 

A 
U 

u 

A 
V 

u 

XO 

o 

u 

1 

50 

AMP 

o 

X8 

«■ 

0 

ZD 

O 

15 

1 

5S 

So 

o 

OA 

1 

55 

X4 

If 

o 

95 

8 

0 

88 

5 

46 

i 

S 

ft 

6 

0 

s 

18 

21 

6 

8 

2 

10 

20 

6 

80 

2 

So 

19 

6 

85 

2 

SO 

18 

7 

8 

ft 

40 

17 

7 

IS 

t 

00 

16 

7 

85 

8 

10 

15 

8 

10 

8 

80 

14 

8 

40 

8 

95 

18 

9 

10 

4 

5 

1« 

9 

4 

10 

11 

11 

0 

4 

15 

10 

11 

40 

4 

80 

9 

12 

80 

SO 

8 

M 

15 

7 

40 

The  ratio  of  the  ismea,  in  Iqrdr^gen  aud  air,  is  not  greatly 
different  at  different  pressures.    Thus,  the  mensurial  eohunn  waa  . 
depreaied  18  inches  or  icam  29  to  11  inchea. 

By  Air,  in  -  799.1  sfconds, 
By  Hydrogen,  in  S025  s<x»nda^ 

^  :=  2.iK)8  =  Ratio  of  hydiogen, 

1.     =  Rate  of  air. 

4 

it  naa  filluid  thafttheloiidcfgBBintbeieceifierinade 
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fercnce  on  the  velocity  with  which  hydro<Ten  entered  untler  a 
certain  pressure.  Hydrogen  entered  as  rapidly  against  hydro- 
gen in  the  reeeiver  of  a  certain  tension,  as  against  air  of  the  same 
tension.  Thus, 


Barometer  Gauge. 
tfright. 

Hydrogen  enterctl 
agkiiut  Hjrdrogen, 

Hydrogen  entered 
agSnst  Air. 

Tias. 

Tun. 

16 

0  0 

0  0 

14 

8  S7 

3  as 

IS 

8  86 

4  5 

It  18  evident  fiom  thia,  that  tihe  ur  does  not  diiPttBe  out  agunat 
80  Strang  a  pfeanire  and  the  inwavd  cumnt  of  hydrogai. 

When  this  jar,  of  whkb  the  capacity  was  65  cubic  inches^  was 

used  as  a  diffusion-instnunent,  and  filled  over  water  with  hydrogen, 
one^burth  of  the  hydrogen  which  it  contained  escaped  by  difiu- 
sion  into  air  in  the  first  hour.  Now,  we  find  bj  the  Table,  (p. 
18.),  that  hydrogen  penetrates  the  plug  with  greater  velocity 
when  passiTiii^  into  a  vacuum  or  into  the  exhausted  nvci^  er.  The 
exliausted  receiver  was  filled  one-fourth  in  about  fifteen  nunutes  ; 
hence  a  certain  quantity  of  hydrogen  passed  througli  the  .same 
porous  plug,  by  the  pressure  of  the  atmosphere,  into  a  vacinmi 
in  fifteen  minutes  ;  by  spontaneous  diffusion  into  air  in  sixty 
minutes  ;  or  the  >  elocity  of  diffiision  was  one^fourth  the  velocity 
of  mechanical  pressure. 

This  was  a  dense  and  excellent  ^iig  $  and  in  others  of  a  looser 
teztoKV  the  Tdbcitjr  of  diffiuioii  was  much  less  than  aiburtli. 

Dried  bhidder  aosweacs  Ibr  shewing  the  diffbsioii  of  hydrogen 
when  stretched  over  the  open  end  of  the  tube  leoeirer.  The 
difliisimi,  however,  thnnig^  a  on^^e  thickness  of  Madder,  is  e^ 
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feoted  at  least  twenty  lanes  more  slowly  than  through  a  thick- 
ness of  one  inch  of  sluoco.   ^Mule,  on  the  oilier  hand,  either  air 

or  hydrogen,  under  mechanical  pressure,  passes  more  readily 
through  bladder  than  a  great  thicknei^  of  stucco.  Goldbeaters 
skin  is  c%^en  more  permeable  by  gases  under  a  dyight  pressure 
than  bladder,  and  less  suitable  for  diflfiision. 

The  superior  aptitude  of  stucco  for  exliibitmg  the  unequal 
diffusion  of  gasc«  oi  diiierent  densities,  seems  to  depend  upon  its 
pores  being  excessively  numerous,  but  exceedingly  minute,  mak- 
ing in  the  aggregate  a  considerable  channel.  In  the  blatld*  r,  or 
goldbeaters'  skin,  the  pores  I  suppose  to  be  few  in  uuialH.r 
but  wide,  making,  however,  when  added  together,  but  a  small 
diamiri.  Air  paaies  dnoii^  them  but  little  impeded  by  fiielioii. 

Diy  and  aound  cork  aittwero  exoeedin^y  wdl  as  a  substitute 
for  the  stucco-plug.  Hie  difflimon  takes  pboe  slowly,  but  is  not- 
apt  to  be  deisnged  by  a  slig^  mefthanical  pcessure.  So  do  diin 
laminae  of  numy  g^muiar  minenh^  sudh  as  the  flexible  magnesian 
limestone^  cfaaicoal  ako^  and  woodfl^  if  not  too  poErouSi  may 
be  applied  to  the  purpose. 

It  might  occur,  in  explanation  of  our  experiments  with  the' 
diffiudon-instnunent,  to  take  Mr  Dai.ton's  hypothesu^  and  sup- 
pose, in  the  case  of  hydrogen,  the  external  air  to  be  a  vacuum  to 
the  hydrogen,  and  the  hydrogen  a  varuum  to  tlie  -nr.  nnd  that 
the  iiwfpifdity  of  the  diffusion  depends  upon  the  hydrogen  beiitg 
least  resisted  in  pmsing  through  the  phtg.  The  experiments  on 
the  permeability  of  the  stucco  by  gases  under  pressure,  above 
detailed,  were  projected  with  a  view  to  settle  this  point  among 
others;  and  they  are  evidently  incoiupatil>le  with  such  an  appli- 
ait  ion  of  the  theory,  for  hydrogen  passes  2.4  tmies  more  swiftly, 
and  not  3.8  times,  as  in  the  difiiision  experiments.  Carbonic  acid, 
too,  permeates  the  plug,  under  pressure^  as  rapidly  as  air  does,  or 
even  somewfaat  more  rapidly,  for  our 

rather ihan  to  the  otber;  whereas  csrbonic  acid  diffiises  thiou^ 
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the  plug  more  slowly  than  air  docs,  or  is  replaced  by  moie  than 

an  equal  volume  of  air,  m  will  presently  appear. 

Those  cx]>er5ments.  pi  ( \  ioiisly  narrated,  are  perluipa  sufficient 
to  estabUsh  the  law  in  regard  to  hydrogen,  particulaily  when  we 
find  it  hold  in  the  case  of  other  gases. 

As  hydrogen  is  a  very  lijrht  gas,  I  was  aimous  to  esUibiiah 
the  law  al&u  iu  repaid  to  a  heavy  gas,  such  as  caxbomc  acid. 

* 

S.  Dijfusion  of  Carbank  Add  Gn, 

.  The  most  sstiafiictory  experimentB  inlli  enboiuc  acid  gas 
irare  perfiaiued  I17  it  over  a  adhition  ni  couaman  8alt» 

flatanrted  in  llie  eold,  whkli  aljBorbetluB  gaa  veiy  dftiHy,  and»uip 
atead  of  the  difivunen-uutromeiit  withbolb^a  loqgdiiRiijon^be 
ma  Ibond  moat  anitaible.  * 

Experiment  1. — ^Thermometer  64*' ;  dew-point  58".  Barome- 
ter 30.1  S.  Left  in  diffii8ion4iibe  17  air,  and  filled  up  over  hnne 
to  197  with  carbonic  acid  gas,  which  give»  180  carbonic  acid* 

As  brine  boils  at  929"  or  224",  that  is  1 1°  or  IS*'  above  the  boiling 
point  of  water,  ^v  c  may  suppose  it  to  be  proportionally  less  va- 
porous at  low  temperatures,  and  take  tlie  tension  of  its  vapour  at 
64  to  be  that  of  water  at  SS*^,  whicli  \^;is  also  the  dew  point. 
This  was  contirined  by  confining  847  voiumes  of  atmospheric  air 
over  brine  at  the  time ;  the  air  was  not  expanded  by  vapour  ris- 
ing into  it  from  the  brine^  nor  did  it  oontract. 

The  imiial  oontenfs  of  the  diffiiaion  aie  thenfen^ 

Air  and  vapour,        ...  17. 
Carixmie  add  ga%      •  1T7j6 
Vapour,         -        ...  %4i 
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An  expansion  took  place  of  4  measures  in  ten  minutes,  and 
of  40  measures  in  five  hours.  A  standard  tube  of  the  same  disr 
meter  as  the  dttftinon''tnbe^  sealed  at  the  had  been  filled  with 
carbonic  add  and  placed  over  brin^  to  mark  the  absovption  of 
the  gM.  One  measure  of  gas  was  absorbed  during  the  contmu- 
anee  of  ibe  above  eipeiiment.  The  expamlon^  tfaeiefiucc^  in  die 
^fibBonnaMe  has  leaUy  been  41  and  not  40^  or,  probafaly  even 
more  than  41,  as  undoubtedly  a  gzeater  absorption  of  gas  by  the 
brine  occfured  in  the  diffusion-tube  than  in  the  standard-tube^ 
fipom  the  motion  of  the  liquid  in  the  former  during  the  course  of 
the  eapanrion  of  its  gaseous  contents,  wliile  the  liquid  in  the 
other  was  quite  at  rest,  and  177.6  —  1  ,or  176.6  carbonic  acid  gas 
only  have  been  exposed  to  diffusion.  The  diffusion  was  allowed 
to  take  place  into  the  open  air,  which  had  the  same  proportion 
of  vapour  as  the  carbonic  acid. 

I  he  specific  gravity  of  carbonic  acid  is  1.527,  of  which 
the  square  root  is  1.2360,  and  the  reciprocal  of  the  square- root 
0.8091.  Hence  one  volume  air  should  replace  0.8091  carbonic 
acid  gas,  which  is  Llie  theoretical  diHusion-voluiiie  oi  Liiis  gus. 

In  the  experiment,  176.6  carbonic  acid  are  replaced  by 
%17S  air. 

Kexe,  the  eotpanaion  npon  176.6  carbonic  acid  being  npbuBBi. 
by  air  la  41  +  pvta  by  expeiinient^  while  it  Is  41.68  parta  by 
theory. 

Tlie  diffi]flion<Toiume  of  carbmic  add  gas  is^ 

by  ei^ieihnen^ 
0.809  by  iheoiy. 

Meeperimeat  2> — In  another  experiment,  conducted  in  the 
same  manner,  thermometer  64^  barometer  60.00^  the  initial  ooi^ 

tPTttn  q£  the  diffiision-tiibo  were, 

Carbonic  acid  and  vapour,  801. 
The  final  contcntii, 

Air  and  vapour,   -      >  245. 
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Correetliig  fiv  k»  of  gu  by  abeoifptiiniy  ihe  final  coatenti 
would  be» 

Air  and  vapoury  £46» 

As  the  proportion  of  vaix)ur  in  tlic  gas  at  the  first,  and  in  the 
air  finally  Ls  tlie  same,  we  may  say  that  carbonic  add  is  replaced 
by  air  in  the  pro[>ortion  of  201  to  246. 

=  0.81S  =:  diffusion-volume  of  carbonic  acid. 

Experiment  3. — In  a  third  experiment  over  brine^  thermo- 
meter 6T,  barometer  20.65,  carbonic  add  and  vapour,    .  169 

Replaced  by  air  and  vajM)ur,         .       .       .       ,    .  205 

Or,  allowing  for  absoq)tion,  by  air  and  vapour,     .    .  £06 
169 

^  zz,  0.816  =  diffii8i<m-volunie  of  carbonic  add. 

But  extreme  acKozaey  is  quite  out  of  the  question  in  tbe  ease 
of  carbonic  add,  from  the  vagueness  of  the  small  correctian  fiir 
absorpdon  of  the  gas  by  die  brine^  and  firom  the  absorbent  aedoa 
of  the  plug^  which  affects,  more  or  less,  all  the  condensible  gases, 

I'be  experiment  in  the  case  of  this  g-as  had  been  performed 
repeatedly  over  water  itself,  in  different  diffusion-tubes,  and  al- 
ways with  an  eventual  increase  to  tbe  jj^nseoiis  contents  of  the 
tube  of  within  2  per  cent,  of  the  theoretical  (inantity,  but  this 
mode,  and  the  corrections  for  absorption,  are  deddedij  inferior  in 
predaion  to  the  preceding. 

3.  Chlorine. — This  gas,  irom  its  high  density,  sliouid  attbrd  a 
good  illustnitian  of  die  law,  were  other  drcumstances  equally 
fiivouraUe^  as  die  specific  gravity  of  ddorine  it  about  £.6,  of 
wludi  the  squaKmxwt  is  l.fi811,and  the  redpiocal  of  the  square- 
root  0.6S25.  100  measures  of  ddorine  should  be  repboed  by 
158.11  air;  or  1  aur  should  iqilaoe  0*6895  chlonn^  ivfaidi  is  its 
diffusioii-volume. 
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JtlaperimenL-^Thermom^T  64^  To  a  difiusioii-tube  over 
water,  with  &  meanues  air,  80  chlaripe  ffa  were  added,  making 
togeCber  85  measurea^  wludi,  diffudng  into  damp  air,  eiqMiided 
S  meaaiiiet  in  tlie  fint  eij^t  minntea^  18  measmes  in  eighty-two 
nunutes,  and,  finally,  19  measnves  in  one  hundred  and  tix  mi- 
nutes ;  but  the  same  gai^  in  a  dose  standard  tube  of  the  same  dia- 
met^,  contracted,  owing  to  absorption  of  the  gas  by  water,  5 
measures  in  eigjht  minutes,  15  measures  in  tbirty-three  minutes, 
and  18  measures  in  thirty-nine  minutes,  the  rate  of  ahsorption 
diminishing  evidently  from  the  water  in  the  tube  becoming  satu- 
rated and  abiding  in  it.  But  the  ahsorption  of  gas  hy  water  in 
the  two  experiments  cannot  be  well  compared,  for,  in  the  difFi^- 
sion  exjH'nr^icnt,  the  chlorine  is  rapidly  diluted  with  return-air, 
which  protects  it  from  absorption,  and,  indeed,  Ik  fore  the  end  of 
tlie  exjKjriraent,  must  occasion  a  port  ing  ot  the  dissolved  clilorine 
gas  to  reassume  the  g-ascous  form,  va|)orizing  away  from  the  water 
which  held  it  in  solution,  and  rising  into  the  upper  part  of  tlie 
tube.  The  absorption  in  the  diffiwon-oase  woidd  certainly  be 
ovcmted  at  one-half  of  what  oocurred  in  Ihe  oranpaiatiTe  expe- 
riment in  the  same  time.  At  the  outset,  however,  we  may  pre- 
sume that  the  same  absoiption  took  place  in  both  cases.  Henoe 
tho  expanuon  in  the  division  experiment  would  be  8  -|-  5,  or  8 
measures  to  die  first  e^t  nunutes.  The  absoiptiim,  however, 
would  tell  two  ways  in  lessening  the  expansion  i  firH,  so  much 
^  has  diasippesred  by  absoiption,  the  quantity  to  be  added  to 
the  expansion  ;  second,  so  much  less  chlorine  has  really  been  sub- 
mitted to  diff  usion  :  80  parts  have  not  been  diffiised,  but  80  di- 
minished by  this  quantity.  , 

Merely  adtUng  the  observed  absorption  in  the  first  thirty- 
nine  minutes,  namely  18  measures  to  tlie  expansion  observed  of 
19  measures,  we  have  an  expansion  irom  diflRislon  of  57  measures, 
which  approaches,  as  near  as  we  c-an  expect  from  tlu-  method,  to 
45  measures,  the  theoretical  expansion  on  78  measures  dry  cliio- 
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rine.  We  may  thevefine  pranune  Aat  the  difltiooii  Of  dikniae 
IB  not  ineompatible  with  tiie  law* 

4.  Sull^httTimB  AtM  Got^^-Xi^^To/BKm  To  diffiiflkm^tube 
with  7  metsores  air,  66  diy  sdiihuMnia  add  gm  wcg«  added, 
which  were  aDowed  to  diffbae  into  dry  air.  An  ezpanaion  oe- 
euizedof 

5  measures  in  9  ininuteBb 

SO  85 

31    108 

at  wliich  la.sL  e.\|>ansion  it  remained  steady. 

Absuiiiiiig  the  speciiic  gravity  of  sulphiuous  gas  at  2.222,  ita 
square-root  is  1.4907,  of  which  the  reciprocal  is  0.6708. 
67.08  sulphurous  gas  should  be  replaced  by  100  air. 
We  have  66  sulphnious  gas,  and  expansion  31 ,  or,  . 
66  aulphuzoiis  acid  aie  vqpkoed  by  97.00  air,  by  expeiinient; 

66  98.89av,  l^theory. 

The  diffuBonpTolmne  of  sulphuRNu  add  gas  is^ 
0.68  by  ei^penment^ 
0.67  by  theoxy. 

5.  Froto.ridr  if  Nitrogen. — Tn  an  experiment  with  this  gas, 
dry,  over  mercury,  allowing  for  a  quantity  of  nitrogen  \\hicli  it 
contained,  51  measures  were  replaced  in  ninety  minutes  by  62 
dry  air.  Taking  the  speciiic  gravity  of  this  gas  at  1 .2577,  its 
root  is  1.23G0,  of  which  the  reciprocal  is  0.8091. 

Difiusion-Yolunie  0.8S  by  experiment, 
 0.81 1^  theory. 

6.  CjfottiBgaL — Also  overmercuiy.  First  deinived  of  hydro- 
cyanic  acid  by  peroodde  of  mercnry,  and  dried,  an  expansion  ai> 
ways  resulted  ftom  division,  but  it  never  amounted  to  the  theo^ 
retieal  quantity.  Taldng  1.8105  as  the  qiedfic  gravity  of  cyano- 
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gen,  the  square-root  is  1.S456,  and  the  reciprocal  of  Hie  square- 
loot  0.7488. 

Hence^  1  cyanogen  is  replaced  1.8456  air;  and 
]  air  replaoes     .   .  0.7482  t^anogen. 

1^  88  cyvaxogen  were  replaced  by  99j  air ;  Sd;  75  cyam^gen 
bj  90  air ;  8c^50  qranogen  by  68  air.  The  last  experiment  is 
the  most  &Tourable.  But  100  cyanogen  are  replaced,  according 
to  that  esperiment,  by  1S6  air  only,  instesd  of  184.  This  devia- 
tion from  the  law,  depends  on  the  property  of  the  plaster-plui^ 
which  it  diares  with  all  porous  bodies,  to  absotb  and  condense  a 
portion  of  all  those  gases  which,  like  cyanogen,  are  easily  lique- 
fied. It  is  evident,  that  if  a  portion  of  the  cyanogen  is  i^ith* 
drawn  in  this  way,  a  oertain  contraction  is  oocasioncd,  and  again 
really  less  of  the  gas  is  submitted  to  diffusion,  and  from  both 
causes,  the  expansion  is  less  thnn  it  ought  to  be  Tt  is  possible^ 
also^  that  the  cyant^en  may  have  contained  a  little  nitrogen. 

7.  Muriatic  Acid  Gas. — Spceilic  gravity  1.28472 ;  square  root, 
1.1SS4;  reciprocal  of  S{|uare  root  0.8823.  H^nce, 

1  muriatic  acid  sboidd  l)c  replaced  by  1.2847  air;  and 

1  air  should  replace  0.S823  muriatic  acid. 

In  the  case  of  this  gas,  the  expansion  from  diffusion  was  OFor- 
powoied  by  the  absorbent  property  of  the  plug. 

94  measures  oontiacted  to  88  in  ten  minutes^  and  remained  at 
"that  quantity  for  nine  minutes,  and  then  e^qfianded  to  90  meor 
sores  in  twenty-five  minntes  more.  The  plug,  upon  a  subse- 
quent exanunation,  appeared  to  be  injured,  and  rendered  too 
penneable,  by  a  diemical  action  of  the  mnriatic  add  upon  the 
hydcsAed  sulphate  of  lime. 

8.  AmmonUwal  Got. — Density  0.590S.  Square  root  0.768925 ; 
reciprocal  of  square  root  1.3016.  Hence, 

1  ammoniacal 'gas  should  be  replaced  by  0.768£5  air;  and 
1  air  should  replace  1.8016  ammoniacal  gas. 
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But  in  the  case  of  this  gas,  as  with  muriatic  add,  the  result  of 
(lifRision  is  altogether  deranged  by  condensation  of  gas  in  the 
porous  plug,  which,  in  these  cx|)(  riinents,  was  half  an  inch  in 
thickne-f^.  It  is  remarkable,  liowever,  that,  when  the  tube  was 
filled  With  aiiinioniacal  gas  in  the  usual  way,  the  final  contraction 
was  by  no  means  excessive,  indeed,  never  tjuite  so  great  as  it 
should  have  been  from  difliision  alone,  independeutly  of  the  con- 
traction from  absorption.  This  was  found  to  arise  from  the  al>- 
sorption  by  the  plug  being  so  rapid,  tliat,  during  the  progress  of 
filling  the  tube  ivith  gas,  the  plug  became  nearly  saturated  with 
gas,  taking  up  ten  or  twelve  times  its  boU^  and,  cxmsequently,  a 
great  deal  more  gas  was  introduced  into  the  tube  than  its  eap»> 
cily. 

9.  jS^pAiftvtaf  Hydrogen  Goai — ^Fkepared  finm  sulphuiet  of 
antimony,  by  the  action  of  muriatic  add.  Density,  1.1805*  Rool^ 
1.0855.   Reciprocal  of  root,  0.9^ 

In  the  case  of  tins  gas,  69  measures  were  replaced  by  73  air. 
In  this  experiment,  100  air  replaced  95  instead  of  92  sulphu- 
reted  hydrogen.  But  we  may  refer  the  diminution  to  the  ab- 
sorption of  the  gas  by  the  plug,  and  to  its  partial  decomposition, 
as  the  mercury  exposed  to  the  gas  be^une  black.  The  air  whidi 
entered  contributed  to  this  decomposition. 

As  carbonic  acid  is  one  of  tlie  gases  condensed  by  the  plug, 
like  the  preceding  examples,  but  to  a  lesa  extent,  we  can  now 
understand  why  the  return  air  was  always  a  Uttle  under  the  theo- 
retical quantity,  in  the  ciireful  experiments  on  that  ga^i,  of  which 
an  account  was  fimnerly  givoi. 

In  the  case  of  the  gases  wfaidi  fellow,  the  spm&c  gravity  ap- 
proaches so  dosely  to  that  of  air,  that  their  acooirdance  with  the 
law  requures  every  precaution. 

10.  Omfgen  Goff^-Specific  gravity,  1.111.  Sqnaie  root,  1.0541. 
BedpKOcal,  0.9487. 
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100  oxygen  should  be  replaced  by  105.41  air ;  aod 

100  air  should  replace  94,87  oxygen. 
When  confined  in  a  straight  diffusion  tube,  there  is  uniformly 
an  expansion  ;  but  it  is  unnecessary  to  recount  experiment's  per- 
formed with  the  straight  tube,  as  the  divisions  are  not  minute. 

Experiment  \. — Thermometer  64".  Barometer  29.82  inches. 
Diffbsion-instrument  with  bulb,  divided  into  two>hundredths  of 
a  cable  incb :  aibo  standaid  bulb  and  tube^  doae  at  top,  to  affind 
oonections  for  dianges  in  temperature  and  [MreBsure^  as  befrae  ez- 
plained.  Both  difibaioiwinstniment  and  standaid  woe  filled  with 
pore  co^gen  ftom  chlorate  of  potaah,  and  placed  in  glasses  over 
vrater»  covered  by  a  bdl-jar,  of  wbidi  the  inside  was  moistened 
Afewminutes  were  purposely  aUowed  to  elapse  befiwe  the  quanp 
tity  of  gas  in  either  instrument  was  noted,  as  the  quantify  oscil- 
lated £>r  a  little.  The  difiusion-instmment  contained  795  mea- 
sures a^geii,and  the  standard  828,  at  the  outset.  In  two  hours 
the  expansion  in  diffusion-instrument,  corrected  from  the  stand- 
ard, was  6  measures;  in  four  liours  and  a  half,  13  measure?  :  in 
fifteen  hours,  29  measures ;  in  twenty  hours,  34  measures ;  in 
twenty-nine  hours,  41  measures ;  in  thirty-eight  hours,  the  ex- 
pansion was  at  a  maximum,  namely,  43  measures.  In  explana- 
tion of  the  Ions:  duration  of  tliis  and  the  followin,^  experiments, 
it  may  be  stated,  that  tlie  plug  wa^  fuiiy  halt  au  inch  in  thick- 
ness. 

795  measures  oxygen  and  vapour  have  therefiire  been  replaced 
by  888  measures  air  and  vapour. 

^  =:  0.9487  —  diffusion  volume  of  oxygen  by  e3q>eriment. 

This  is  the  exact  theoretic  number,  a  coincidence^  however, 
which  we  must  view  as  acddentaL 

Experiment  2. — In  a  careful  repetition  of  this  experiment  m  ith 
another  specimen  of  oxygen  gas,  the  results  approached  very 


Digitized  by  Google 


S50 


Mr  Graham  m     Lam  ^ 


closely  to  tlic  preoeding ;  but  the  return  air  was  in  ^ight 

above  the  theoretical  quantity.  Thus, 

1  oa^gen  was  replaced  by  1.05G  air,  by  experiment 
1  ;  1.054  air,  by  theory. 

Oxygen,  therefore,  aifbrds  a  most  striking  confirmation  of  the 

law. 

11.  N\ltirfigen4 — ^Pkepared  fay  burning  an  caEoeas  of  plKMphoms 
ill  8  flonfinwl  portion  of  air,  and  aUowing  the  residuary  gas  to 
stand  over  water  for  several  days. 

Specific  gravity,  HSft^  Root,  0^860.  Reciprocal  of  mot, 
1.0140.  100  nitrogen  should  be  replaced  by  98.60 ;  and  100  air 
should  replace  101.40  nitrogen. 

Thermometer,  66^.   Barometor,  Difiudon  into  moist 

air  as  in  the  preceding  experimoits. 

836  measures  contracted  3  measures  in  two  hours  and  forty 
minutes,  a.s  corrected  by  standard ;  and  1 3  measures  in  eighteen 
hcur.s,  whicli  \v;is  the  maximum  contraction :  for  in  twentv-three 
hours  and  a  half  from  the  beginning  of  experiment,  acoTttrnction 
of  IS  measures  was  indicated.  Taking  the  last  as  the  true  re- 
sult, 

^  =  1.0143  =  diffiision-volume  of  nitrogen  by  eiqwriment 
1.0140  =:  diflSiflion-voluHK  of  nitrogen  by  theory. 

1£.  O^Sg/Sdnl  (jm, — Specific  gravity  likewise  0.97£,&c.  as  in 
nitrogen.  The  ga.s  was  careluUy  mad^  collected  in  a  low  re- 
ceiver, allowed  to  stand  over  water  finr  twenty-finir  hours,  and  fi- 
nally washed  with  caustic  ley. 

Thermometer,  59".  Barometer,  ^?9.8S.  800  measures  of  this 
gas  were  replaced  by  78o  measures  of  air,  in  twenty-five  hours^ 
correcting  firom  standard. 

^  =  1.0191  =  difiusioii-volume  of  diefiant  ga^  by  eiqpanment. 
The  contraetilm  in  thk  experiment  is  a  Uttle  above  the  theo- 
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letieal  quantity.  In  anotlier  jesperiment  wiih  diffioient  gae^ 
the  contraction  iras  even  gieater.  Indicating  a  diflbdon-Tolume 
=  1.0808 ;  but  the  presence  of  a  minute  quantity  of  carbureted 
hydrof^  or  some  hgliter  hydro-oarbuiet,  ym  suspected,  fiom 
the  rapidity  of  the  contraction  in  this  case. 

19.  Carbonic  Oxifle. — Specific  gravity',  0.9722,  &c.  as  in  the 
ca.se  of  nitrogen.  Gas  prepared  by  the  action  of  sulphuric  acid 
on  crjstaUized  oxalic  add,  well  washed  with  Ciiustic  ley. 

On  803  measures  carbonic  oxide  and  vapour,  a  contraction  of 
11  measures  in  fifty  hours,  12  measures  in  eighty-nine  hours,  12 
iiieasuTcs  in  ninety-seven  hours;  or  80. j  became  791.  The  dif- 
fusion wius  slower  iliHii  usual,  lioui  tlie  plug  liaving  been  par- 
tially wetted  in  filling  the  instrument  with  gas. 

^  =;  1.0149  =  diifusion-volume  carbonic  oxide,  by  experiment. 

1.0140  r=  diffusion-volume  of  carbmic  oodd^  by  theoiy. 
In  the  case  of  the  last  three  gases,  when  the  experimfflit  was 

performed  over  water  in  a  diffusion-tube,  with  free  exposure  to 
the  dry  atmosphere,  instead  of  any  contraction  ensuing,  a  posi- 
tive expansion  generally  ik  (  ui  red,  which  was  to  be  attributed  to 
the  return  air,  which  was  comparatively  dryt  being  e]^>aDded  af- 
ter entering  the  receiver. 

« 

14.  Carbureted  Hydrogen  of  Marshes. — Specific  gravity,  0.655. 
Diffusion-volume,  1 .34 1 4. 

In  an  eiqperiment  with  this  gas,  deductuig  a  small  quantity  of 
air  which  it  contained,      measures  were  replaced  fay  187  air. 

^  =  1.S44  =  diffiuion^Tolnme^  by  experiment. 
1841  =  diffiiaion-volum^  by  theoiy. 

These  are  all  the  permanoit  gsses  whidh  oould  conveniently 
be  submitted  to  diffusion.  Vapours  cannot  be  rigidly  examined. 
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as  they  aie  ail  condenrible  in  the  povea  of  the  atoooo.  The  fol- 
bwing  Table  exhibits  a  sununaiy  of  the  lesulta : 


TABLE 

or  xaoivAcnrT  BiFFotMOMroLViCBs  or 


\  AIOsl. 


Hydrogen,     .    .    .  , 
Carbureted  Hydn^gen, 
OlefiantGtf,     .   .  . 

Carbonic  Chddfl^      .  . 

Nitrogen,  

OxVRen,  

Sulpnureted  Hvdrogrn, 
Protoxide  of  Nunigtn, 
CarJxiiiic  Acid,        .  . 
Sulpliurous  Add,    .  . 


Hv  Exiicrimenl. 

By  Theory. 

Specific  Gravity. 

8.83 

3.T947 

0.694 

1.344 

1.3414 

1.0191 

1.0140 

0.978 

1.0149 

1.01 40 

0972 

1.0143 

1.0140 

0.972 

0.9487 

0.9487 

0.111 

ass 

09204 

i.iao5 

0.8C 

08091 

1.527 

0.812 

08091 

1.527 

a68 

0.6708 

In  the  difFiUjiou-volumes  of  oxygen,  nitrogen,  and  carbonic 
oxide,  the  correspondence  between  theory  and  experiment  is  as 
dose  as  could  be  desired.  Indeed,  admitting  our  law,  I  believe 
that  the  spediic  gravity  of  these  gases  can  be  detennined  by  eit- 
periments  on  the  {iirindple  of  diffiislon,  with  greater  aocoiaisy 
than  by  the  ordinaiy  means.  But*  to  be  of  vahie^  expeziments 
peifonned  ivith  this  important  *object  in  view,  would  require  to 
be  oonducted  with  extreme  cBie»  in  the  most  feTonmble  dicum> 
stances^  as  regards  uniformity  of  temperature,  and  to  be  fie- 
quently  repeated.  The  diffiision-bulbs  might  also  be  oonsider- 
ably  increased  in  size,  and  a  greater  minuteness  of  observation 
attained.  Even  in  the  most  successful  experiments  recited  in 
this  paper,  we  cannot  depend  upon  the  absolute  accuracy  of  the 
third  decimal  fiy^ure.  In  the  case  of  carbonic  acid  ^tik.  protoxide 
of  iiiti  nfjen,  sTilplmroted  hydrogen,  and  sulphurous  acid,  the  pro- 
cess of  dili'usion  is  uiterfered  with  in  a  greater  or  lesser  degree 
by  the  absorbent  action  \\  lucli  all  |x)rous  bodies  exercise  upon 
gases.  Fortunately,  however,  the  absorbent  power  of  stucco  is 
very  low  in  degree. 
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The  Density  of  any  gas  difFusod  into  air.  l)oth  being  in  the 
same  state  as  to  aqueous  vapour,  is  obtained  by  the  formula 

where  G  is  the  volume  of  gas  submitted  to  diffusion,  unci  A  the 
volume  of  return-air.  In  operating  upon  gubes  hghter  than  air, 
the  roost  useful  instrument  is  a  bulb  of  about  two  inches  in  dia- 
meter blown  upon  half-inch  tube^  of  which  about  an  inch  may 
be  left  on  either  side  of  the  bulb.  The  capacity  of  the  instru- 
ment, wed  as  a  gas-ree^fer  over  water,  is  most  simply  deter- 
mined by  filling  it  with  water,  and  wei^iing  the  water  which  it 
contains,  and  which  can  be  poured  from  it  into  a  counterpoised 
phial.  Then,  afler  any  experiment,  the  return-air  may  be  found 
from  the  igl It  of  the  water  which  has  entered  the  instrument^ 
determined  in  the  same  manner.  By  proceeding  in  this  way, 
we  aymd  wetting  the  stucco  afler  every  eiperiment.  A  hood  of 
damp  paper  may  be  inverted  over  the  upper  tube  while  the  dif- 
fusion is  going  on,  and  the  whole  counterpoised  in  a  tumbler  of 
water,  hciri";  suspended  from  one  of  the  arms  of  the  beam  of  a 
balance,  the  scale  on  that  side  being  removed.  An  experiment 
with  the  bulb  will  generally  orcupy  several  hours.  But  with  a 
plain  diffusion-tube,  a  much  shorter  time  will  suffice. 

A  peculiar  advantage  of  this  mode  of  takii.Lr  tlu'  specific  gra- 
vity of  gases,  besides  its  simplicity,  is,  thai  wc  can  operate  upon 
a  most  minute  quantity  of  gas :  it  is  possible  to  come  within 
100th  of  the  spedflc  giayity,  operating  up<m  no  mote  than  one 
eubic  inch  of  gu. 

It  is  to  be  regretted  that  this  method  is  not  so  fully  available 
m  the  case  of  coal-gas,  as  mi^t  be  expected.  The  density  of 
that  gaseous  mixture  appears  to  depend,  in  no  inconsiderable 
measuzei  iqion  the  presence  of  a  small  quantity  of  the  heavier  by- 
dro-carbmntaysadiasmiphtha-vapour;  and  these  are  apt  to  be  ab^ 
aorbed  and  withdrawn  in  part  by  the  water,  during  the  continu- 
anoe  of  a  division  ea^eriment  I  have  observed  coal-gas  to  oon- 
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tract  j'ylh  oi  hi,  bulk  by  standing  over  water,  without  agitation, 
for  forty-«ight  hours,  and  Ironi  the  loss  of  the  denser  portion  of 
it.  But  in  the  case  of  this  gas,  the  experimeDt  should  succeed 
over  brin^  whidh  absorbs  much  less  of  the  gas  than  water  does. 

The  prooesBof  difibBion  may  be  managed  ro  as  to  demonstrate 
xdationa  in  denaily.  The  short  upper  tubes  of  two  diffiuioii- 
buHMy  not  dorad  by  pilaster^  but  open,  were  ooonected  by  means 
of  thidc  caoutchouc  adopten,  with  the  two  ends  c^a  short  piece 
of  straight  tube,  in  whidi  there  was  a  dii^phragm  of  plaster^.^tii 
of  an  inch  in  thiekoess,  and  equidistant  from  either  end  of  the 
tube.  The  apparatus  being  proved  air-tight»  and  the  plug  in  a 
proper  conditio  for  diffusion,  one  of  the  diffusion-bulbs  was 
filled  with  nitrogen  gas,  and  the  other  with  carbonic  oxide,  and 
the  bulhs  placed  upright  in  separate  contiguous  glasses  contain- 
ing water.  'I'he  (juantity  of  ga^  in  each  was  carefully  observed 
at  the  beginning  of  the  experuiK  iit,  and  after  the  expiry  of 
twenty-four  hours,  when  it  was  iomid  t  )  be  identically  the  same 
as  at  Hr»t;  ut  least,  if  a  contraction  or  rxpansion  took  place,  it  was 
the  same  in  both  bulbs,  and  therefore  entirely  due  to  changes  in 
temperature  or  pressure.  Now,  the  gases  were  found  by  analysis 
to  be  uniformly  diffused  through  both  bulbs;  so  tliat  nitrogen  and 
cuboiue  oxide  are  of  the  same  density,  or  at  least  do  not  differ 
more  than  T-g^tJi  part,  which  was  the  limit  of  observation  in  the 
case  of  these  experiments.  It  appears^  also,  that  inequaUty  of 
density  is  not  an  essential  requisite  in  division. 

I  had  occasion  to  remark,  more  than  onoe^  a  nngulai  aoddent 
to  the  stucco  plugs.  After  being  disused  for  some  days  or  weeks, 
and  \ch  in  the  interval  exposed  to  the  air,  which  might  be  etilier 
dry  or  damp  at  the  time,  the  plugs  occasionally,  on  a  new  taal, 
did  not  permit  diffusion  to  take  place  through  their  pores^  at 
least  immediately.  Uydrogan,  however,  always  opened  a  passage 
in  the  course  of  two  or  three  minutes,  and  then  the  diffusion 
proceeded  as  rapidly  as  ever.  Carbureted  hydrogen,  and  the 
other  ^ises,  often  required  a  longer  period.   A  alight  heat  re- 
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■tared  the  actioii  of  the  plug.  The  obstruction  could  not  be  at- 
tributed to  nMHSture,  not  to  aoj  thing  but  dust 
,  It  li^ay  be  mentioned,  that  there  was  nothing  peculiar  in  a 
mixture  of  two  gases,  in  tlie  proportion  of  the  numbers  express- 
iDg  their  diffiuaon-vdumes ; — ^nothing  that  oould  be  considered 
an  indicati<m  of  mutual  saturation. 

Evapoiadon,  or  the  eleration  of  vapour  from  a  liquid  into 
air»  or  any  other  gas,  oomes  now  to  be  explained  on  the  prindides 
of  diffiision.  The  powerful  disposition  of  the  particles  of  diflfe- 
rent  gaseous  bodies  to  exchange  positions,  may  as  effectually  in- 
dnoe  the  first  separation  of  vapour  from  the  surfkeeof  the  liquidi 
as  a  vacuum  would  do.  Once  elevated*  the  vapour  wiU  be  {wo- 
pagated  to  any  distance,  by  exchanging  positions  with  a  train  of 
particles  of  air,  according  to  the  law  of  diffusion.  The  length 
to  which  this  diffusion  proceeds,  in  a  confined  jiortion  of  air,  is 
limited  by  a  property  of  vapour,  naincly,  that  the  particles  of  any 
vapour  condense  when  they  approximaie  within  a  certain  dis- 
tance. Hence,  the  quantity  of  vapour  wliich  rises  into  air,  has 
the  same  limit  as  that  which  rises  into  a  vacuum,  and  is  the 
same. 

I  may  be  allowed  to  mention  an  application  of  the  law  of  dif- 
ftunion,  in  explanation  of  the  medianism  of  respiration.  The  ca- 
vity into  "wludi  air  alters  during  respiration,  otnunsta^  first,  of  a 
huge  tube,  the  windpipe ;  secondly,  of  smaller  tubes^  into  which 
the  windpipe  diverges;  and,  thirdly,  of  a  series  of  stiU  smaller 
tubes,  diverging  firom  the  hst,  themselves  ramiQuig  to  an  inde- 
tcnninate  extent,  till  at  hst  the  tubes  cease  to  be  of  sensible  mag- 
nitude, but  are  believed  to  terminate  in  shut  sacs.  The  capacity 
<^the  whole  cavity  cannot  easily  be  determined,  but  we  may  esti- 
mate it  at  SOO  cubic  inches.  In  a  natural  expiration,  about  SO 
cubic  inches,  or  -f^th  of  the  contents  are  thrown  out,  from  the 
application  of  a  general  pressure  to  the  whole.  But  it  is  evident, 
that  these  twenty  cu!)ic  inches  will  be  the  twenty  cubic  inches 
nearest  the  outlet,  or  the  contents  of  the  larger  tubes.  The  oon- 
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tents  of  the  second-sized  tubes  will  adymoe  at  the  same  thne 
into  the  largest  tabe8»  but  no  fiurther,  and  ivill  zeeede  again  into 
their  original  depositories  on  the  next  insinmtion,  which  will  fill 
tihe  larger  tubes  with  firesh  air ;  which  identical  quantity  will 
again  be  expelled  in  the  next  expiration.  This  iUnstration  is 
perhaps  too  strongly  stated;  but  it  is  evident,  tha^  in  ordinary 
respiration,  the  slight  mechanical  compiession  wiU  have  little  or 
no  effect  in  emptying  the  most  distant  tubes,  or  the  ultimate  air- 
cells,  of  their  contents.  The  bulk  of  the  air,  also,  is  not  altered 
during  respiration,  althougli,  for  a  quantity  of  oxygen,  carbonic 
acid  is  stilistituted.  This  siibstitut i'ui,  which  is  tbr  great  end 
of  rcsj)iraiioii,  undoubtedly  takes  pi  u  i  ittost  abiiiidantly  in  the 
minute  and  distant  air-cells,  vvliicli  prestiit  the  largtM  surface  to 
the  blood ;  and  the  carbonic  acid  there  produced,  must  be  moved 
along  the  smaller  tubes  by  the  diffusion  process,  (which  we  know 
to  be  extremely  energetic,  and  also  inevitable),  till  it  is  thrown 
into  the  larger  tubes,  from  which  it  can  be  expelled  by  the  ordi- 
naiy  action  of  respiration.  But  the  action  of  diffiision  is  always 
tw«Ml :  at  the  same  time  that  carbonic  add  is  being  carried 
outward  from  the  air-ceUs,  oxygen  is  carried  inward  in  exchange^ 
and  thus  the  necessaiy  dreulation  kept  up  throughout  the  whole 
lungs. 

Fartha,  by  a  forced  expiratiim,  from  160  to  178  cubic  inches 
may  be  expelled,  afler  which,  th«re  still  remain  in  the  lungs 
about  1 20  cubic  inches,  which  are  not  undor  the  control  of  the 

respiratory  action. 

There  can  be  no  doubt  that  much  of  this  quantity  occupies 
constantly  and  pennanently  the  most  minute  tubes  and  air-cells, 
for  it  can  scarcely  be  withdrawn  by  means  of  the  air-[)unip. 
Now,  the  question  has  arisen,  how  these  ultimate  tubes  and  air- 
cells  are  so  powerfully  inflated ;  for  they  are  not  distended  by 
the  action  of  muscular  fibre,  of  which  they  are  known  to  be  des- 
titute. This  state  of  distention  must  he  highly  useful,  by  expos- 
ing surface ;  and  the  law  ol'  dili'usiou  enables  us  to  account  tor  lU 
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The  heav}  auboaic  acid  which  these  miuulL:  ceils  mav  coiilain, 
is  not  merely  exchanged  for  oxygen,  but  lor  a  larger  volume  of 
oxygen,  in  the  proportion  of  the  diffiiaion-voiuroes  of  carbonic 
acid  and  oxygen,  namely,  81  ciurix>nic  acid  aie  replaced  by  95 
oxygen.  The  leabtanee  to  passage  through  llie  most  mmttte 
tubesi  in  overcome  by  the  diffiiaion  aetion»  as  in  the  case  of  the 
pores  of  the  stuooo-plug)  and  there  fbilows  a  tendency  to  aocu- 
mulation  on  the  side  originally  occupied  by  tiie  carbonic  add. 
This  accumulation  is  limited  by  the  increased  fadfity  with  ^ducfa 
the  air-Tcsaels  can  empty  themadvea  mechanically  of  a  portion  of 
their  contents,  from  their  distended  state. 

In  the  law  of  diffusion  of  gases^  we  have,  therefore,  a  singular 
provision  for  the  full  and  permanent  inflation  of  the  ultimate  air- 
cells  of  the  lungs. 

But  it  is  in  the  respiration  of  insects,  that  the  operation  of  this 
law  will  be  most  distinctly  perceived.  The  minute  air-tubes 
accompanying  the  bloodvessels  to  every  organ,  and  like  them 
ramifying  till  they  cease  tf»  Ix*  visible  under  the  most  powerful 
luicroscupe,  arc  kept  distended  during  the  most  lively  movements 
of  the  little  animals,  and  the  necessary  gaseous  circulation  main- 
tained, wholly,  we  may  presume,  by  the  agency  of  diffusion. 

In  regard  to  the  terms  of  the  law  of  diffusion :  **  The  diffusion, 
or  spontaneous  intermixture  of  two  gases  in  contact,  is  effected 
by  an  intoxhange  in  position  oih^^finU^mmittevahmeB^^ 
gases."  My  experiments,  published  on  a  former  occasion,  on  the 
diffiision  of  mixed  gsaes  (Quarto'fy  Jqumal  tjf  Sdencet  Sept. 
18S9)f  affi>rd  the  first  demonstration  of  the  lact,  that  diffusion 
takes  place  between  the  ultimate  particles  of  gase^  and  not  be- 
tween sensible  masses,  and  therefore  that  difi^on  cannot  be  the 
result  of  aoddent  For,  in  the  case  of  a  mixture  of  two  gases 
escaping  from  a  receiver  into  the  atmosphere,  by  apertures  tii 
O.IS  and  0.07  inch  in  diameter,  it  was  not  so  much  of  the  mix- 
ture which  lefl  the  receiver  in  a  given  time,  but  a  certain  propor- 
tion of  each  of  the  mixed  gases^  independently  of  the  other,  cor- 
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responding  to  its  individual  tlitlasivencss.  The  same  sejiaration 
of  mixed  gases  occurred  in  diffusion  through  the  pores  of  stucco, 
or  the  fissure  of  a  cnwiced  jar. 

**  Which  Tolnmes  are  not  neoeflsarily  of  equal  magnitude,  he> 
in^  in  the  case  of  each  ga^  inversely  proportional  to  the  square 
root  of  the  denatfy  of  that  gaa."  This  may  be  demonstrated, 
vriien  diflferent  gases  eommnnicate  by  very  narrow  channels,  or  by 
▼eiy  small  apertures*  and  when  inequality  of  pressure  is  guarded 
against  In  the  case  of  a  gas  communicating  with  the  air  by  a 
wide  aperture,  on  the  otiier  hand,  althoug|i  the  diffusion  or  inter- 
mixture takes  place  predsely  in  the  same  way,  still  the  result  is 
different ;  for  where  a  contraction  takes  place  from  the  process 
of  diffusion,  the  air  flows  in  mechrinically  tliroupjli  the  aperture, 
wholly  unresisted,  atul  makes  vip  tlie  deficiency.  A  gas,  how- 
ever, of  large  diffusion-volume  escajKJs,  in  these  circumstaTicesi,  hi 
a  shorter  time  than  a  gas  of  small  diffusion-volume.  Indeed,  it 
was  the  conclusion  of  the  former  ]iapt  r,  that  gases  diffuse  more 
or  less  rapidly  according  to  some  function  of  their  densities,  "  ap- 
parently inversely  as  the  square  root  of  their  densities."  The 
advantage,  in  illustrating  the  process  of  diffiision,  of  minute 
apertures  or  channels  of  communication,  such  as  we  have  in  the 
stucofr-plug,  depends  upon  the  dreumstanoe^  that  when  a  con- 
traction or  expansion  takes  fdaoe  in  the  gaseous  contents  of  a 
diffiision-instrnment^  ai^  euxrent  in  an  outward  or  inward  direc- 
tion is  prevented  by  frictional  resistance;  so  that  the  simple  re- 
sult of  difiiision  is  exhibited,  not  oomplkated  by  theeffiectof  any 
other  force. 

The  law  at  which  we  have  arrived  (which  is  merely  a  descrip- 
tion of  the  appearances,  and  involves,  I  believe,  nothing  hypo- 
thetic), is  certainly  not  provided  for  in  tlie  corpuscular  philoso- 
phy of  the  day,  and  is  altogether  so  extraordinarj^  that  I  may 
be  excused  for  not  specidating  farther  upon  its  cause,  till  its 
various  bearings,  and  certain  collateral  subjects,  be  fully  investi- 
gated. 


Digitized  by  Google 


I,   259  ) 


On  the  Eqtiatims  of  Loci  traced  upon  the  Surface  of  the  Sphere, 
as  evpressed  bii  Spherical  Co-ordinates.  By  I'iiomas  Sxe- 
pu£;4s  Davies,  EiM^.  F.  li.S.  IMLA.S. 

(Bead  Jaiuuu-tf 

Xifi;  juoderii  sy^^tcmi  of  aDalvtical  geoiiielry  oi  Uircc  dijucnsions 
originated  with  Ci.AiUAti.i,  and  received  its  final  form  from  the 
hands  of  JNIongk.  Descabtes,  it  is  true,  had  remaiked,  tliat  the 
ortbogonal  projections  of  a  curre  anyhow  atuated  in  spacer  iipon 
two  given  lectangular  planes,  determmed  the  magnitude,  spedes, 
and  position  of  that  curve ;  but  this  is,  in  ftict,  only  an  appro- 
priation to  scientific  purposes  of  a  pnnciple  which  must  have 
been  employed  from  the  earliest  period  of  architectnrid  delinea- 
tion— ^the  orthography  and  ichnography,  or  the  gronndrplaa  and 
section  of  the  system  of  rquesented  lines.  Had  Debcartf.s, 
however,  done  more  than  make  the  suggestion — had  he  i^ointed. 
out  the  particular  aspect  under  whit  it  t oiild  r  been  ren- 
dered available  to  geometrical  research — had  he  furnished  a  s\iit- 
able  notation  and  nu'lhods  of  investigation — and,  finally,  had  hi; 
given  a  few  exnTnplos,  calcidated  tr>  render  bis  nnnlvtiral  pro- 
cesses intelligibie  to  otbtT  niatheniaticians  ; — tin  n,  inilt  i  rl.  this 
branch  of  science  would  l»ave  owc<l  him  deeper  obligalioii.s  iluux 
it  can  now  be  said  to  do.  Still  1  do  not  wish  to  be  understood 
to  iiiiUviNalue  the  labours  of  that  exti.iui  Juiar}  iium,  iailirect/j/ 
at  Last,  upon  this  subject ;  for  it  is  certain,  that,  though  he  did 
succeed  in  placing  tlie  inquiry  in  its  true  position,  yet  it  is  ulti- 
mately  to  his  method  <^  treating  plane  loci,  by  means  of  indeter- 
minate algebraical  equatioBB,  that  we  owe  eveiy  thing  we  know  in 
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the  Cicomctry  of  Three  Dimensions,  beyond  its  simplest  elements, 
as  well  HP  the  most  interesting  and  imjxirtrint  yiortionsof  the  doc- 
trine ot  plane  loci  itself.  I  only  wisli  tn  (  xjuess,  that  the  direct 
labours  of  Dk8c  Ain  on  this  subject  are  of  very  little  value,  if  of 
any  whatever  :  and  this  will  be  at  once  conceded,  if  w  e  consult  the 
Jesuit  RABUELb  Connncntary  upon  liis  Geometr'ia^  published 
nearly  a  century  after  tlic  original  work,  and  containing  the  most 
amplified  attempt  to  iUustrate  thk  particular  part  of  the  treatise 
that  had  then  been  made.  The  writings,  too^  of  Leibnits  and 
the  two  BEnvouLLis  maybe  searched  in  vain  for  any  attempts  to 
hiy  down  new  methods,  or  to  develope  and  apply  that  of  Dks- 
GABTSfl  fbr  ^  general  discussion  of  curve  surfaoeS)  or  of  curvet 
any  how  situated  in  space.  Indeed*  we  cannot  bat  be  struck 
with  the  veiy  small  number  of  investigations  of  this  kind  at- 
tempted by  them  ;  and  even  those  few  mig^t  be  said  to  have 
arisen  out  of  tlie  rivdry  between  the  old  geometry  and  the  new« 
The  singular  facility  possessed  by  these  illustrious  men,  of  de- 
vising methods  of  inquiry — of  modifying  those  already  in  exist- 
ence, to  accomplish  the  purpose  they  had  in  view — and  their  de- 
votion to  every  thing  that  mnld  set  the  powers  of  the  calculus  in 
a  more  advantageous  light, — these  would  certairih  liave  led  them 
to  the  consideration  of  the  subject,  had  the  mriln  Kl  of  Dkscartes 
been  adequately  stated,  and  its  adaptation  to  any  knid  of  ealculus 
been  even  tolerably  obvious.  Ja^mks  IJehnoulli  did,  nuiecd, 
throw  out  a  casual  observation  in  the  Leipsic  Acts,  that  an  equation 
between  three  variaika  repreaoM  a  curve  eujface,  as  an  equaHon 
telioeni  too  mntOkt  rcpreeented  a  plane  curve,'  bat  the  lemai^ 
seems  to  have  suggested  no  further  inquiries,  and  so  fbr  as  James 
Beekoitillx  was  concerned,  the  subject  dropped  at  this  point 
CLAiftAOLT,  by  an  independent  train  of  inquiiy,  and  whilst  yet 
a  minor,  was  conducted  to  the  same  result;  bat,  pushing  Ihe  in- 
vestigation one  step  fortber,  he  was  led  to  consider  every  curve 
line  in  9poee  ae  &ie  itOereectim    iu>o  curve  wii;fiKe9t  or  as  a  line 
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traced  upon  them  both  at  the  same  time.  Every  thing  else  fol- 
lowed, and  it  soon  beciiiuc  the  universiil  practice  to  investigate  . 
the  properties  of  curves  oi'  double  curvature  hy  reference  to  tluree 
oo-ordinate  planes,  and  determined  by  any  two  equations  be- 
tween tbe  duee  variables.  The  method  of  Dbscartib  at  best 
led  only  to  the  diflcuffiion  of  curves  <^  double  curvatuie,  by 
means  of  the  eqnations/sy  and^^d?,  instead  cUfxyz  voAfxyZt 
eadi  equated  to  aero(  whilst  the  hitter  prooessy  which  is  that  of 
Clawavlt,  embiaoed  the  former  as  a  particuiar  case^  g»antui|^ 
however,  the  vesdutioa  of  equations  of  aU  dtdets;  but  diat  of 
Descartes  could  in  fact  only  be  applied  in  this  particuUur  case, 
whilst  that  of  Clairault  is  independent  of  any  such  necessity, 
and  Implies  with  the  same  success^  whether  the  eliniination  of 
any  variable  between  the  given  equations  be  possible  or  not. 

The  problem  of  Viviani,  which  was  professedly  proposed  to 
bring  the  powers  of  the  new  Geometry  to  the  test,  must  have 
awakened  attention  to  this  class  of  inquiries;  and  with  r^pect 
to  spherical  loci,  several  problems  of  considerable  difficidty  were 
attempted  durnig  the  next  forty  years,  with  varied  degrees 
of  success.  The  method.s  almost  invariably  employed  in  these 
inquiries  was,  to  consider  the  character  of  the  projection  of  the 
curve  upon  the  equatorial  plane,  and»  by  means  of  diese  and  the 
relations  between  the  cunent  vertical  oidinates  of  the  sphere  to 
express  all  the  ctmditioni^  rektions^  and  results.  A  few  excep- 
tions, perhi^  might  be  made  to  this  statement^  the  only  one  of 
whidi  I  can  call  to  mind  is  that  of  Jamkb  BKaMoui.i.i'8  solution 
of  VxviAKi*s  Florentine  Paradox,  where  he  takes  only  account 
of  axes  of  tiie  meridian  of  the  current  point,  and  the  an^es  which 
those  Itaeridians  form  with  aoertain  given  meridian.  He  does  not, 
however,  seem  to  entertain  the  slightest  notion  of  its  ap}>licability 
to  any  other  class  of  problems  than  that  one  before  him.  When 
Clairault's  principle^  however,  became  known,  all  those  particu- 
lar artifices  were  merged  in  that  general  method ;  and  the  ^he- 
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rical  curves,  like  all  others,  were  expressed  by  two  equations  be- 
tween three  variables,  one  of  which  equations  was  tiiat  of  the 
sphere  itself.  From  that  time  forward,  we  find  no  traces  of  any 
attempt  to  devise  epedal  me^iBit  adgpted  to  the  diadunon  of 
carves  traced  upon  ^ecific  suifiuxs,  and  to  them  only,  amongst 
the  ccmtinental  mathematicians.  No  douht,  so  fiur  as  Ihe  inyes- 
tigati<m  of  properties  common  to  aU  chisses  and  all  orden  of 
curves  ivas  concerned,  this  was  an  improvement  of  incalcnlalile 
v]due^  and  one  which  Ibr  that  purpose  was  altoi^edier  indii|Wfi- 
sable ;  but  it  became  at  the  same  time  a  barrier  to  the  inquiries 
respecting  the  peculiar  characters  of  that  class  of  curves  which 
are  traced  on  a  spherical  sur&oe.  The  sphere  indeed,  from  the 
uniform  character  of  all  the  regions  about  any  point  of  its  sur- 
face, would,  we  should  at  first  sight  expect,  possess  a  great  va- 
riety of  interesting,  and  possibly,  of  important,  properties  belong- 
ing to  itself  alone,  in  the  same  manner  as  the  circle  does  amongst 
plane  curves ;  and  certainly,  by  methods  whose  essential  (  h.irac- 
ter  is  their  adaptation  to  the  discovery  of  affections  r oniinon  to 
all  curves,  or  to  all  curve-surfaces,  we  can  scarcely  liupc  to  dis- 
cover those  wliich  are  jwmliar  to  one  class  amongst  them.  The 
importance  of  the  sphere  in  astrononucui  inquiries  (especially  in 
that  approximative  astronomy  which  considers  the  earth  a  sphere, 
and  its  oifait  a  drde),  as  weU  as  to  the  discussion  of  several  cu- 
rious points  connected  widi  asfaconomical  histtny,^ — ^these  conside- 
rations render  it  an  object  of  great  importance  that  we  should 
he  able  to  investigate  its  lod  by  means  of  a  i^stem  adapted  to 
that  purpose  only,  and  therefore  divested  of  eveiy  thing  fbidgn 
to  that  immediate  object.  Some  direct  and  simple  methodsof  in- 
vestigation are  essential  to  our  inteOigilily  ca^iressing  the  varie- 
ties of  the  celestial  motions,  in  a  manner  adapted  to  subsequent 
determination  of  the  loci  which  result  from  their  combinations. 
One  in^^tun^^  of  the  advantages  of  such  a  method  has  been  given 
in  my  paper  on  the  ''Antique  Hour-Lines^"  which  the  Royal 
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Society  of  Edinburgh  has  done  me  the  honour  to  ihsert  in  its 
'1  raiisactions  ;  and  at  a  future  time  I  hope  to  confer  the  same 
simplicity  and  completeness  upon  some  other  questions  which 
have  been  repeated  subjects  of  unsatisfactory  discussion  by  every 
other  prooeM.  My  present  purpose,  however,  b  to  lay  down  a 
sketdi  of  the  systematic  piindples  of  the  method,  to  fimush  so> 
Itttions  to  the  problems  that  naturally  present  themselves  at  the 
outset  of  the  inquiiy,  and  to  apply  it  to  the  discussion  of  several 
pniUemfl^  tha^  by  thmr  leprated  aptBtioii,have  acquired  a  cde- 
bnty  which  gives  tiiem  a  high  mathematical  intocest,  indepeDd>- 
ent  of  any  practical  utility  they  might  be  supposed  to  pesssss  in 
the  afiairs  of  common  life. 

The  method  which  I  propose  to  employ  is  an  equation  between 
two  spherical  variables.   Sometimes  the  latitude  and  longitude^ 
sometimes  the  polar  distance  and  the  polar  angle,  will  be  the  more 
convenient    Thes*^  iwo  cases  have  a  much  closer  analog'  on  the 
sphere  tlian  the  methods  by  |)()lar  and  rectangular  co-ordinates* 
have  in  piano.    The  former  is  that  generally  employed  in  the 
hour-lines ;  the  latter  will  be  employed  almost  exclusively  here, 
the  class  of  problems  here  discussed  seeming  generally  to  admit 
ol  more  ready  treatment  under  this  than  the  other  form.  The 
methods  are,  however,  readily  convertible,  so  that  we  can  pass  and 
repass  from  one  to  the  other  without  tiiat  difficulty  and  com- 
plexity wUdi  commonly  attends  such  transitions  in  the  case  of 
rectilinear  co-ordinates.  All  ibis  is  very  simple,  and  will  probably 
have  oftan  oocutred  to  matiiematicians  befine:  yet  tiieie  is  still 
only  one  singb  exception  to  the  statement^  that  no  direct  and 
promising  attempt  hsa  ever  been  made  to  put  it  in  practice*, 
and  even  that  was  dropped  in  the  very  outset.   The  great  diffi- 
culty amongst  the  earher  geometers  was  found  to  be  the  inoonp 
venimt  notation  by  which  trig^ometrical  relations  were  im- 
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pressed.  The  arc  or  angle  never  ajipeared  in  the  notation  l)i  foi  o 
the  time  of  Eui-kr:  all  the  tunctions  of  it  were  expressed  as 
laiictions  of  some  one  selected  function  of  the  arc,  rather  than 
directly  as  funciiuiis  of  the  arc  itself.  Syinbuls  ui'  u|)cration, 
though  the  most  natural  symbols,  and  perhaps  more  easily  ap- 
preheiMtod  in  the  infkncy  of  mathematical  study,  weie  then  used 
very  sparingly,  and  were  scaioely  ever  themadves  xoadered  anb- 
ject  to  subBcquent  operatims ;  exoepl^  indeed*  wliai  they  awmmed 
a  numerical  fimn  in  a  given  podtion,  as,  Inr  inatanoe^  the  expo- 
nent of  a  power.  It  was  also  undecided  then,  and  is  acszody 
ag^neediqponerainow,  in  what  way  angles  beocnne  subject  to  cd- 
culation  in  conjunction  with  linear  quantities.  The  vendt  of  tri- 
gonometrical operations,  thus  shackled,  became  fio  extremely  como 
pka^  and  the  transionnation  which  they  required  so  difficulty 
that  any  geometer  who  attempted  it  quickly  abandoned  it  in 
utter  hojielessncss.  Tlie  trigonometrical  notation  of  Eller,  by 
attaching;  the  name  of  the  line  as  a  functional  characteristic  to 
the  symbol  of  the  arc,  opened  a  new  and  fertile  field  tor  disco- 
very, and  trigonometry  instantly  assumed  a  renovated  aspect 
under  the  talisman  of  his  magic  toucli.  Had  there  been  then 
any  disposition  to  pursue  the  investigation  of  spherical  loci,  the 
chief  difficulty  was  removed  ;  and,  no  doubt,  it  would  soon  have 
assumed,  in  his  hands,  the  simplicity  and  symmetry  which 
Mo:4G£  was  at  tiie  ssme  time  labouring  to  confer  vnjifm  the  geo» 
metry  of  rectilinear  co-ordinates.  There  was,  indeed,  stiU  want- 
ing the  notalioa  for  inverse  trigonometrical  functiani^  which  haa 
been  more  recently  and  elegantly  supplied  by  a  living  mathema- 
tician, whose  varied  intellectnal  powers  approach  more  cilose^  to 
those  of  EuLRR  than  any  one  who  has  yet  tqapeared  since  the 
world  was  deprived  of  lhat  smguhrly  gifted  mind.  The  want 
of  this  notation  was  not  so  strongly  felt ;  but  it  would  have  been 
aoonw  1^1^  and  sooner  discovered,  had  the  cultivation  of  spheri- 
cal loci,  by  means  of  trigonometEical  fiuiction%  been  earlier  cttl> 
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tifBAed.  But  the  more  general  form  which  loci,  situated  in  space, 
had  aiBumed,  earned  dus  to  he  looked  upon  as  an  unimportant, 
or  at  least  so  subordinate^  a  method,  as  to  be  unworthy  of  eulti- 
vafion ;  and  it  was  therelbre  taken  up  by  no  one  oompet^t  to 
complete  the  task  whidi  BSdler  had  left  teuiy  to  be  entered  on. 
The  beautifiil  theorem  of  Lbxsll,  however,  which  assigns  the 
locus  of  the  vertical  angle  whose  base  and  area  are  given,  would, 
we  should  have  been  led  to  expect,  have  recalled  attention  to  the 
subject :  but  it  did  not ; — and  even  to  the  presoit  day,  amongst 
the  ccmtinental  geometers,  no  traces  of  a  qrstem  of  spherical  oo> 
ordinat'^  arc  to  be  found.  It  is  the  more  singular,  inasmuch  as 
several  spherical  loci,  which  are  known  by  other  methods  to  be 
eircks,  have  already  been  determined  to  be  so  by  trigonometrical 
considerations  Vet  iiotie  of  these  metfwds  are  cnpnf>k  ofshoiririg 
a  priori  wiiat  the  loctis  is ;  they  onlitf  s^hon'  vh/tlirr  the  suspicion 
preinonsly  entertained  (Jor  wlmtever  reason )  of  (heir  being-  circles, 
be  or  be  not  true.  We  may  refer  to  the  demonstrations  given  by 
Lagrange  and  Legendke  to  Lkxkli/s  theorem,  as  specimens, 
these  being  amongst  the  most  elegant  of  this  class,  i  he  method 
of  spherical  co-ordinates  has  been  for  some  years  iamiliar  to  my 
mind,  and  I  have  occasionally  used  it  in  the  occasional  inquiriea 
which  presented  an  opportunity  of  applying  it,  and  generaUy  with 
complete  success :  and,  indeed,  it  seemed  so  natural  and  obvious 
a  method  of  proceeding,  that  I  could  not,  till  after  cowsiderahle 
search  and  frequent  consultation  of  my  mathematical  friends, 
persoade  myseiif  that  it  had  not  been  already  discussed,  and 
its  principles  and  application  properly  detailed.  The  near  ap- 
proach to  it  in  several  of  the  discussions  concocning  the  rhumb, 
line  (especially  that  of  Dr  Hutton),  and  more  particularly  the 
method  of  expressing  tlie  angle  which  it  made  with  the  meridian, 
rendered  me  so  doubtful  on  this  |>oint,  that  I  did  not  vciiturc  to 
state,  in  ttu'  paper  on  the  IIour-Lmes,  that  the  general  metJiod 
of  investigating  spherical  loci,  of  which  the  Hectimoria  furnished 
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a  spedoneiiy  had  any  thing  of  cxigjnality  in  it   Subsequent  in- 
quiries hare  oonviiiced  me  that  it  has  not  been  devdoped.  In 
the  latter  part  of  the  smnmer,  when  reading  the  prooft  of  my 
paper  (whidi  recalled  my  attention  to  the  subject),  I  resolved 
'   finrthwith  to  undertake  a  oomfdete  analysis  of  its  first  prindplei* 
and  ascertain  whether  there  were  any  tnAgwnxife  rfj^RcniiNieif  m 
ihe  dieliiitr,  which  deterred  former  mathematidans  fi!om  the  pur- 
suit I  did  sok  and  can  now  see  pretty  deaily  the  source  of  its 
general  neglect   Tkt  t^ptatmn  tfa  curve,  teihen  tibtamed,  «mw  not 
commonly  eapaiie  if  ready  and  obnawut  haerpretaUon,  any  symme- 
try of  which  it  iraa  cfi^pabie  reu^  extending  to  a  symmetrical  /unc- 
tion of  both  variables  /  those  eqtintions  did  not  odmit  of  classifica- 
tion in  any  way  antd^gous  to  those  ^  rectilinear  co-ordinates ;  the 
processes  themselves  v*ere  of  a  class  very  different  from  those  with 
which  the  majority  of  mathnnnticinns  were  most  familiar  ;  and  the 
trmlencics  qf  t/ie  tranj^ormations,  often  of  considerable  ea  tent,  exceed- 
ingly dij^icult  to  foresee.    I'ew,  therefore,  who  had  not  liad  the 
good  fortune  to  be  successful  in  some  interesting  collateral  in- 
vestigations, would  have  had  the  rt^olution  to  proceed  with  an 
attempt  so  apparently  endless  and  hopeless  as  to  systematise  the 
mass  of  results  that  flowed  Hum.  these  preliminary,  and  in 
some  d^pree  oonjectund,  inquiries.  Thu  last  advantage  I  did 
poflsefls,  and  I  hope  the  results  given  in  the  present  disserta- 
tion win  diow  that  it  atifected  me  jHR^erly.    The  road  is 
now  &irly  op^ed,  and  I  lose  no  time  in  pointing  it  out  to  ma- 
thanatidans  having  leisure  and  inclination  finr  such  pursuits. 
As  a  wholes  however,  this  paper  may  be  said  to  be  incompilete ; 
but  that  has  arisen  from  want  of  room,  as  in  all  cases  the  re- 
sults admit  of  the  same  degree  of  completeness  as  that  given 
to  the  problems  actually  discussed.    I  have,  however,  dwdt 
rather  largely  upon  the  equations  of  the  cirde,  both  because 
it  stands  the  most  pfominent,  and  perhaps  most  interesting 
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of  all  spherical  loci.  It  enters  into  discussions  respecting  these 
in  the  same  way  as  the  straight  hne  does  into  the  geometry  of 
rectilinear  co-orclinatcs ;  tliat  is.  a?  its  generatrix,  and  as  the 
simplest  line  that  can  he  traced  upon  the  surface:  and  hence, 
whatever  anight  be  the  class  of  problems  that  should  form  the 
principal  subject  of  our  investigation,  it  appeared  certain  that 
no  general  system  could  be  devised,  which  did  not  include 
the  ecjuation  of  the  circle  as  one  of  its  most  important  ele- 
ments. That  this  inav  he  the  case,  it  bcrarae  wecemnry  to 
assign  the  equations  ol'  circles,  great  and  less,  subject  to  every 
variety  of  defining  conditions.  The  expressions  here  given,  are, 
it  is  true,  sometimes  long,  but  they  always  involTe  symmetrical 
data  symmetrically  in  the  Temlt :  and  on  that  account  are  pre- 
feniUk  both  fiir  their  generality  of  apphcation,  and  their  greater 
deipooe  as  analytical  Ibnunke.  Those  cases  where  greatest  dm- 
plidty  is  required  are  obtained  at  oaoe,  by  giving  suitable  values 
to  the  data  of  the  problem ;  or  Ifa^  may  be  so  transformed  by 
taking  suitable  origin  and  direction  of  the  co-ordinate  axes. 
There  is,  besides,  but  little  difficulty  in  discovering  how  this  is 
to  be  done ;  and  I  have  not»  therefoK^  dwelt  upon  it  in  treat> 
ing  of  the  circle.  In  one  or  two  cases  where  the  discovery 
of  a  truth  wns  the  object  in  view,  rather  than  the  discover}'  of  a 
general  tbnnida,  I  have  not  scrupled  to  adopt  this  shorter  pro- 
cess; and  in  others,  the  inquiry  would  have  given  results  so 
complex  as  to  be  incapable  of  reduction,  had  I  not  taken  that 
method  of  siinplitiiation.  Tills,  liowever,  is  only  identical  with 
our  common  practice  in  the  geometry  of  rectiUneur  co-ordi- 
nates, and  if  we  urge  it  as  a  difficulty  against  one  method,  it  ap- 
plies with  great  force  a^unst  the  other.  I  have  no  doubt,  then, 
that  when  we  have  become  as  finniliar  with  this  mode  of  inquiry 
as  with  the  othez^  we  shall  find  it  equally  simple^  easy,  and  intel> 
ligildef  as  that  is  to  us  now. 
In  the  next  place,  I  have  given  fbrmulae  of  transformation  of 
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spherical  co-ordinatts,  both  as  to  origin  and  direction.  Then 
ioWoyr  formtiltp  o/jiro/ecdori,  for  ajsccrtaininf^  the  equation  of  the 
projection  of  any  spluTical  locus,  upon  a  plane  parallel  to  the 
tangent  plane  at  the  ori^jin  of  spherical  cu-oidinates.  They  are 
both  simple  and  sy  nuiu  incal ;  yet  simple  as  they  are,  they  are 
capable  of  universal  application.  Amongst  these  projections,  I 
pavtieolaify  notice  tbe  three  usual  ones^ — the  orthographic,  gno- 
mom<^  and  stereographies  whidi  are  ihe  only  cases  possessing 
any  analytical  peculiarity. 

The  remainder  of  the  paper  is  devoted  to  the  consideration  of 
various  ^erical  curves ;  and  the  results  are  often  curious  and 
unexpected.  I  have^  however,  in  many  casesb  firom  studying  the 
brevity  necessary  in  a  dissertation  of  this  kind,  been  obliged  to 
omit  discussions  which  would  have  repaid  our  attentaoo  to  them, 
had  our  limits  permitted  us  to  dilate. 

The  first  curve  is  the  equable  spherical  spiral^  a  family  which 
contains  several  such  loci  as  leave  a  quadrable  residue  on  the 
surface  of  the  sphere.  Amongst  them  are  the  spiral  of  Papfds, 
the  oval  window  of  Viviaxi,  and  some  othcre  worthy  of  no- 
tice The  connexion  between  these  curves  has  never  before  been 
noticed ;  nor  has  it  before  been  shown  that  the  construction 
given  by  Jamks  Bernoum  i  fur  solving  Vivia>i"s  problem  is 
the  same  as  that  of  the  proposer  himself.  In  the  next  place 
foUows  the  investigation  of  spherical  loci,  produced  in  the  same 
way  as  the  conic  sections  are  m  piano  referred  to  two  foci, 
and  which  I  hence  call  the  spherical^Uipse,  hyperbola,  and  pa? 
labola.  It  is  shown  that  the  ellipse  and  hyperbola  so  gene> 
rated  (that  is,  the  locus  of  the  point,  the  sum  of  whose  dis- 
tances^ and  that  the  difference  of  whose  distances^  are  oon> 
stant),  may,  as  m  pbawt  be  comprised  in  one  ain^  equation : 
that  the  loci  themselves,  in  each  case,  formed  a  double  system  of 
lines,  were  in  all  respects  equal  and  simihir,  but  surrounding 
the  two  poles  of  the  qihere^  so  thai  thi^  would  have  been  pnK 
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duced  by  the  perforation  of  Uie  sphere  hy  a  particular  cylinder. 
The  curve  upon  die  earth  to  whidi  the  sun  is  verticBl  during  his 
annual  path  has  also  been  angned,  and  its  identity  with  the  most 
geneEal  fixnn  of  the  equaUe  Bpifal  has  been  pointed  out  I  have 
given  abo  an  investigatioii  of  Lbxell's  theoieni,  and  another  si- 
mihfflocusi  well  known  to  geovneters,  the  envdope  of  the  base  of 
a  trian^  the  sum  of  whose  sides  and  whose  vertical  are  gtren. 
They  are  solved,  I  believe  for  the  first  tim^  in  a  perfectly  legiti- 
mate manner.  That  is  to  say,  in  such  a  way  as  would  have  led 
to  the  discovery  of  the  locus  itself,  without  any  previous  suspi- 
don  being  entertained  as  to  what  the  locus  was, — ^by  finding  the 
equations  of  those  loci,  and  shewinf?  they  were  the  previously  de- 
teniiined  c<|uations  of  the  circle.  It  would  obviously  have  Ix'ou 
easy  to  extend  this  chiss  of  processes  to  all  cases  which  hdw  \)vvn 
considered ;  and  I  trust  that  there  will  be  sufficient  attention 
givf  11  to  the  subject  by  mathematicians  to  supply  a  numerous 
assemblage  of  elegant  problems,  for  tlie  use  of  the  student  just 
entering  upon  the  inquiry, — a  purpose  for  which  they  are  well 
adapted. 

The  spherical  epicycloid,  a  curve  whidi  bad  been  oonsideied  by 
HBBiiAVxr,  John  Bernoulli,  MAUPSBXtm^  Nicole,  and  Clai- 
BAULT,  Is  also  bfoixght  under  examination  by  this  method,  and  in- 
vestigated on  the  most  general  suppositioD,  via.  when  the  tracing 
point  is  not  in  the  durcnm&im»  of  therollin|[  drde.  I  examine 
the  expression  for  its  length  in  reference  to  the  theorem  of  John 
BsEifouLLi,  that  if  the  rolling  drde  be  m  great  drde,  and  the 
tracing  point  in  its  circumference^  the  curve  traced  out  UfiU  be  fte- 
tijiable,  and  J  sketv  that  it  is  rectifiable  in  no  otfier  case. 

In  discussing  the  loxodrome,  I  ha%'e  given  the  three  projec- 
tions of  the  curve  on  the  equator,  nnd  examined  th(>  course  of 
the  curve  itself  on  the  surface  of  tlie  sphere  As  I  had  conlined 
my  plan,  in  the  present  paper,  to  a  discussion  only  of  such  pro- 
perties of  spherical  curves  as  were  deducible  from  the  expres- 
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sums  of  their  equations,  without  the  aid  of  expansions  and  dif- 
fermtial  ooeffldent^  I  am  compelled  to  omit  many  propertieB  of 
diia  coire  which  are  exoeediiigly  curiouBr-^iot  kw  cmioiia  tfutti 
thoBO  which  bdong  to  its  stnreographic  prcrjectioni  the  logniti^ 
mic  spiral,  which  induced  Jambs  Bebu ouixi  to  deingnate  it  lay 
the  name  tpirai  mmifttfif.  Finalfy,  I  ahf^tly  catamine  a  bens 
wfaidb  has  consideBahle  physical  interestp  especiaUy  arising  out 
of  the  el^^t  e^penment  of  Mr  Baslow,  to  shew  the  probaUe 
electiie  origin  of  the  phenomena  of  teirestrial  magnetism,'* 
tailed  in  the  Uttt  ftsdculus  of  the  PhihMophical  IVmisactions. 

In  pursuance  of  a  plan  like  the  present,  it  was  impossible  to 
concentrate  every  thing  I  had  to  say  in  the  text :  and  therefore, 
I  insert  a  few  notes  and  illustiations,  ia  the  finnn  of  addenda  to 
the  paper  itself  It  only  remains  for  me  to  apologise  for  the 
length  of  this  explanatory  nm\  historical  preface,  and  to  express 
my  regret  tJiat  it  could  not  l)c  cninprcssed  into  smaller  space, 
without  ceasing  to  answer  the  purpose  for  which  it  was  in- 
tended. 

Bath,  November  SI.  1891. 
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DEFINITIONS. 

The  cildle  may  he  oonndered  either  as  a  curve  traced  upon  a  sphere  or 
iqpon  a  plane^    Wben  we  consider  it  to  be  traced  upon  a  plane,  its  centre 

and  radius  are  also  in  that  plane,  and  may,  for  distinction,  be  called  the 
plane-centTe  and  the  planc-raditi.'s,  rcsix'ctively,  of  that  circle.  But  when 
it  is  considered  as  a  curve  traced  upon  tlic  sphere,  we  may  call  the  centre 
and  radius  (what  arc  usually  called  the  \Hy\f'  -nHl  polar  distance  of  the  circle) 
by  the  corresponding  name  c£  spherical  coUrc  and  spfterical  radius  o£  the 
circle. 

In  tlic  investigations  which  follow,  we  rarely  La\c  occasion  to  speak  of 
the  plane-centre  and  plane-radius,  so  that  no  confusion  can  arise  from  drop- 
ping the  adjective  spherical,  whcD  speaking  of  the  s^encal  centre  and  iphe^ 
lied  radim.  When,  however,  we  wppAmoA  that  any  muundentandliig 
mi^t  arise  fiom  the  amisriflii,  we  shall  be  caiefid  to  siq^y  the  a4}eetiTeR. 

When  we  eonader  any  curve  traced  on  the  soi&oeof  the  sphere,  we  oon- 
•ideri^  as  in  other  parts  of  geometries!  inqnuy,  to  be  the  loeiu  of  a  pomt, 
wbadi  fidfils  certain  pfm  eondition^  and  that  the  algebiaicBl  expresrion  of 
these  conditions  may  be  ledneed  to  an  equation  between  two  varitUe  ares 
of  gieat  ciides,  or  between  an  arc  and  an  angle.  When  between  two  aie^ 
they  are  supposed  at  right  angles,  lilco  tlie  prime  meridian  and  equator,  in 
descrihing  the  latitude  and  lon^tude  of  a  j)lacc  on  the  globe.  The  longi- 
tude of  the  point  we  call  the  abscissa,  and  its  latitude  the  ordinate.  When 
we  refer  to  the  polar  angle  made  by  the  meridian  of  the  point  with  the 
prime  meridian,  and  the  polar  (Ustancc  of  this  point,  we  call  it  a  polar  equa- 
tion, the  polar  distance  bdng  the  radius-vector,  and  ^e  polar  an^le  is  the 
longitude  of  the  point 

These  two  methods  can  uttly  ju.sL  be  .saiii  to  differ,  since  in  uiic,  the  polar 
augle  is  measured  by  tlie  abscissa  of  the  other,  aud  the  radius-vector  in  one 
is  the  complement  of  the  ordinate  of  the  other.  In  principle,  then,  they  arc 
stiietlj  ihe  aamcb  and  in  the  details  neady  so:  though  it  will  often  hi^fipen 
that  one  consideratlBn.isniore  directly  apfJicsMe  to  partieular  problems  than 
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die  odwr,  w  aocoimt  of  a  doMT  alUaiiee  to  die  fim 

liibited.  W]i^icritma7l)egeiieidl78ooriiot,&tiii»eqpeK^^ 

decide;  butmyowB  obaicfetbDs  lead  me  to  think,  tbtt  Ae polar  mediod  it 

cd.  Bnt^  M  the  ndini-Teetor  and  polar  lie  Mzeletad  to  ^lelitude 
and  lon^tuHe,  we  may  at  any  atep  diange  from  one  to  the  other  coiuiden- 
tion.  widioat  the  alighteat  mental  eflbrt^  and  inlihottt  any  analytical  ndm* 
tion  vfaatef er. 

T. 

TUB  EQUATIONS  OF  THE  CIRCLE  ON  XUE  SPHERE. 

To  ^nd  the  equation  of  a  circle  whose  centre  and  radiwt  on  the  mrface 

of  a  sphere  are  given. 


Let  M  be  the  centre,  P  the  pole,  EQ  the  eqnator,  FE  tile  first  meri- 
diatt,  and  L  any  point  miheciiciimfirenoe^  whose  equation  k  D». 
notelqrX  and  ir.  tbe  radins-Teetor  PM  and  pdar  EPMof  die  oentie 
M,  and  by  p  die  ladins  ML  of  die  ciide.  Let  BPLs0,and  PL^^. 
Then  we  have  at  onoe 

eoip=:oMXoM^<4>iSiiXdn^oos(6->*«),  i  *  (I.)* 

which  is  the  equation  required  in  its  most  general  form. 


*  Sec^figrotlMrftnBi^Mote  A^altbeoidof thisp^sr. 
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cot0^— tan\  CM  (9— IT)  (S.) 

or  CM         = — out  X  oot^,  „  (s.) 


iHudi  Me  the  eqiifttioiis  cf  ft  gmt  ciide 

Moonffiiq;  as  h  it  lenhed  fir  oiie  or  ote  of  iJie  nun^^ 

Cbr.  S.  Let  Xs  0;  diat  i«»  let  the  eentee  of  the  drde  (1.)  he  at  the 


pole  of  tiie  cfualar,  liien  the  ciide  ii 

cnpsooB^  (4.) 

idiieh  is  the  equatien  of  a  poralld  of  latitude^  or  decliiiation»  aoootding  as 
the  teneitrial  or  oekatial  aphcre  is  used* 

Cer,S*  Attheiiiiietiiiu^letX=OLandf  =     then  the eqnatioii be^ 

eot^=0^ar^B|,  (5.) 

which  is  the  equatioii  of  the  equator  itself. 

Cor.  4.  LetX=|^;  then  equation  (1.)  becomes 

eos  f  s  an  ^  «os  (9— «()>  ^..(8.) 

die  equation  of  a  less  dfde^  nhoae  pole  ia  in  the  eqeator. 

Cor.  iS.  Iietalsopsj;  then 

■n0oM(0— ff)aO  (7.) 


T1nsi8fiiIfil]edhothhysin0=O,aiideo6(a— fc)  =  0.  The  inteipvsta- 
tion  lib  that  whilst  sin  ^=0^  we  hafe  ooa(0— k)  indeteimmat^  and  idUlst 
oos  (0— K) ssO^  then  ahi  ^  ia  indetenninale.  The  ftnner  of  these  shei*% 
that  whatever  valne  he  given  to  0,  the  chtde  will  pass  thraogh  rin  0^  or 
P;  and  the  latter,  that  whatever  value  be  g^ven  to  na  ^,  the  equation  of 
kngltnde  is  always  the  same.  The  hitter  is  properly  the  eqvatioii  of  any 
one  definite  mcndian,  tiiebngitndeof  wiioseoentiei8«;  thnfbnier  diew^ 
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whatever  point  in  the  equation  br  taken  as  the  centre  of  a  great  circle  jh^^t 
great  circle  wiU  pass  throiigh  the  pole  of  the  equator 


Cor.  6.  The  iiitersection  of  the  equator  with  the  dxdc  (1.)  will  be  found 
combiiiing  il  irith  ^  =s  g«  Thiif^vet 

-"^-'>=5X'  • « 

Cbr.7*  If  rinX.^oo6(>,  then  cos  (6 — whidi  indicates  impossi- 

Cbr.8.  Ijet,alM^fs|;  then 

co8(0— ^)=0,or  ^  =  |  +  <c.  (9.) 

tlie  kogitiide  of  the'poiiit  of  inteneetton. 


Cor.  9.  All  great  drdea  whose  centres  are  in  the  same  meridian,  inta- 
fed  ^  cfoAoK  in  fbe  Biine  pobts;  for  equation  (9.)  is  independent  of  \ 
and  dwwB  lint  ilie  point  ii  *t  flie  diitUfleof  a  quadnnit  from  tlie  loDptade 
of  the  omtm  in  quotioiL  It  thus  i^greei  widi  a  ample  property  wfaidi 
ten  into  ihe  dementt  of  the  old  aphcrioil  geametiy. 


II. 

2b  find  the  didance  hettoeen  hoo  given  points  on  the  turface  of  ihe 

^pnOfV* 

Let  the  co-ordinates  of  the  points  be  jSy  and  a,^  fi„ ;  then,  i£  8  =  dis- 
tanceb  we  liave 

«oi  ^  aseoa  a,  cm  o.  -f-  ■«  a,  na  a.  «oi  (|9.-^/9,). 


<  li  h  ulinmiihiiii  iinaswimni  to  pmriii  iliil.  fwi  ^  in  ihtini  Mil  mmi  n(  iliii  »iIm  i  ri 
will  sir  «yi        in  auqr  nMMa        1) |,  whM  »is  ■qr«k«fo 
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m 

We  vatj  firom  tbii  and  »  known  theoran  in  spherio^  expresi  the  area 
tfa  e^^lerieal  Irun^,  In  term  tfthe  eo-crdimtetcftke  three  angiet  tf 
ti^at  triangle. 

For,  let  a,fi^  Ah*  md  a^/S^^  be  tlie  l2ine  pain  ot  eiMiidinata^  then 
velum  as  above. 


.(1.) 


c(«d,s«Ma,  eimtt^+ma,  dBa^cMft— ft 

But,  comljiniug  the  exprcs^ous  of  Du  GUA  autl  Cagnol,!  lor  the  sphe« 
rical  excess,  we  have 

m^e_,      _  l  +  «)8^,-t-CO»^.  +  COg^„, 

*     V  9(1  +  COS  d^)  (1  +  cos  5.)  (I  +  CM ^  ' 

which  gives,  by  means  of  (1.),  following  syniiiietrical  formula  for  the 
spherical  excess,  in  terms  of  the  co-ordiuatcs  of  tlic  angles  of  the  triangle, 


^' _     1  -f  cosee,<t>9«  4- cosa  cfwa  -|-coaa ,  cosa  ^,-|-ang,sin«.co8ff.-|8^+ sina  sin«^cos^,-i8,^+sin «,sina,„cosi8,-j3^,  ^„ 

i'^.i  '   ^  ~  " —  ==^=^^^^^^^^^^^=^;^^=^=^=^^=^^^^^^^^=^=  '(."•) 

V  2(l+coso^costt,+8b«^m«,co»0,-'5j(l +cos«  co8«„+an«,sina.,oos/3^-/8j(l  +cosa,cosa^+8ina,Haa^oo«^.-^J 

By  means  of  a  series  of  subsidiary  theoran^  I  have  been  able  to  this 
eform  adapted  to  logarithms;  but  as  the  purpose  of  this  piqper  has  no  r^r- 
encc  to  fecility  of  caleuJation,  and  as,  moreover,  the  process  is  long,  and  con- 
nected with  inquiries  which  I  may  bring  separately  under  the  consideration 
of  the  Royal  Society,  it  will  be  unnecessary  to  enter  upon  it  here.  In  its 
present  form,  it  will  no^  I  think*  be  without  inters  to  mathenuUiciana. 

IV. 

lb  filed  ike  egvaiien^  a  great  drde  paeeieff  throi^  two  git/en 
pomttontheej^iere. 

Let  K,  \  he  the  unknown  co-ordiiuatcs  of  the  centre  of  the  circle  whose 
equation  we  seek,  and  let  o^ft  and  a„  ftg,  be  the  co-ordinates  of  the  two  given 
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pointe.  Tbenliheeqiuiioiiof  libecudeiacf  ibeftnii 

cot<^=—- tanX  co8(0 — x),  (1.) 

And  because  a,     and  a^^  (S^,  are  points  in  its  course,  we  have  also 

cot  a, =  —  tan  A  cos     —  k),  (£,) 

cot  a,  =  —  tan  X  cos     —  k),  (S^) 

J>jmde  (2.)  hy  {$.),  expand  the  coBDa,  and  divide  niiinentor  and 
MtMT  of  the  ii^t4iaiid  number  hjtMK,  which  gives 

cota,  _  co«    +  sin  jflS,  tanic 

Or,  icaolviiig  (4.)  mth  xespeet  to  tan  ir»  we  have 

cot     ctis  8^  —  cot  a  cos  j9 

taoK=:  '  .  w»  .....(5.) 

cot  a„  iinj8«— cot  a,  na/3/  ^ 

^.^^  ^  cot    CM  A— cot  g  cos  /9   

V  ooi*  a«-^Scot  a«  cot  a,  cot  ifis^tS,)  -I-  cot' 

cot g, an/? — cota,  wn^. 

co<K= ±:  ■  '     ^  —      ^   (7.) 

V  cot*  g, —  Scot  g.  cot  g,  cos  (/j. — p,)  +  cot*  g, 

either  of  which  giv«s  the  kogitudi^  or  polar  aogl^  of  the  centre  of  the  drde; 

Agun»  fiom  eqnationa  (8.)  and  (S.)^  we  obtun 

«»-*  (— >  cot  a,  cot  X) — O0S-*  (<— cot  a,  cot  X)  =  /9. — /3, ; 
or,  taking  eonne  function  of  each  side,  and  transposing,  we  obtain 

i(l«cot*a.  cot*  X)  (1  —  cot*  g,cot»  X)}*  =cob(/3,~^J— CDta,eDta,cot*X; 
oTp  afoaiing  and  pofimning  obvioua ; 


cotX=±:  -r.   (8.) 

V  cot'  o«-^  S  cot  a«  oot  a,  cos  (/?«— PX+  «ot' 


in  (1.)  the  values  of  oot\  mute,  eosx,  given  hf.{9, 7. 8.)  we  find 
ultinutely  the  equation  d  the  dide  loim^t 

COt^ss— OOSecOS,—  /3,)[cos6  (cotg,  ain/3,— cotg,  tiin/9,)H^8in0(cot  g.cos/3.  — coto,  co8|/9j  }(9. 

This  may  also  be  pnt  mider  the  fern,  and  often  advantageoudy, 

cotg,MD(^.q:g)— cotg.wn(^.ipa) 
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V. 

TopuL  the  eguaiion  of  agreai  drde  on  the  sphere^  wkkk  shall  cut  two 
givem  meridians  at  given  angles. 


Let  PF^  and  PF^  be  the  men^biii ;  M ,  and  M^^  tlie  points  where  the 
great  dide  Mmght  dull  eat  them;  v — and  iSbe  two  an^cs  of  the 
trian^e  ftmied  by  that  dide  and  the  ffwm  meridiana  and  the 
ihiid.  If  we  pat,  lor  the  momenl^  C/=A«  B,  ^t,-^  fii—^*  ^ 
A  +  B  +  C=S  S,  we  have 


Also,  col     =  — ^  2LJ 


ooto,= 
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.(2.) 
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1  — cosScwS  — A  J  Icoif^^cosS  — Ci 

Tn«?ertni<;  these  vahies  in  the  iirst  of  equations  (2),  and  performing  a  sisii- 
iar  process  with  respect  to  cot    ,  we  Khali  obtain 


coaScosS — A  +  C05S— BcosS — C 
=  2  V_oos  S  CM        COS        ecu  S— "C 


»      on  S  coa  S— A  cm  S— B  OM  S— C 

In  the  numenttars  of  these  expnmanf  put  for  A,  ^  S  thdf  valiiM» 
andpnt  SRmflteiid«f  tfaedenoDiiiiatar.  Then  mshWU  get 


GOB  S— B  CM  S— C  =  COS  4  {-TT-e  -  (*„ COS  H ^- ^,+(«-  —  A,- A)} 


^  4  {«»         + CM  («;+       ft}} ; 


Tliese  give  col  a  =  g.4-^«>s(f.— A— /3,)+Uoiy— A) 


_  CM  IT—  6,  -f  COS  f .  CM  jfl'^jfl/ 


M^f,cos/9-^,^  (^) 


Sinilailf  cot   (ft) 

For  cot  a,  md  eota^^.  put  thofar  ifalnet  jut  firaad  hi  tiie  equslkm  {S,  ^ 
7. 8,)  of  Aft  IV.  Then  wthiU  get 

  '   

(cirfC,— CM€.,OM  /3,,— CM  A  +  (CM  €^~«M«,«0«      -/^.)  COg/3^ 

tan  *c  =  ~       ^  — -  -  ^         '  '         '  t:  >» — '. — 7%  ••('') 


_^  (cos      —  COS      cos  COS  /3,  -t-  (cos  f.  —  cog  6.  C08  ff.— ff>«M/3. 

■n  j8.        V  OH     —  S  CM    CM  C. CM  A—ft .4? «■ 
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'y  &»'«,— ft  owe,  cot  eosid^— ft +gim'6. 

Tbe  e^ieniaiit  ia  (7*  8, 9)»  tlunigh  perfeetly  ^mmetrica],  ue  not  the 
aimplert  that  can  lie  gircn  to  duMe  quaatitiet.  F«r,  taking  the  nunentor 
of  (7)»  and  expanding  tlio  oosuim,  and  multipljnng  out, 

(cos  f ,  —  COS  f  „  COS   (3,)  COS  ft  -f  (cos  f  „  COS  f ,  COS  /3„  ft)  COS  ft 

=co8f,{c€>sft-cos*ft,cosft-co»ft,wn/9  8inft}+cos«,,{co8ft,-cosft,cos*ft-co«ft sinftsinftj 
=  cos«,  {sin'ft.msf^,  —  sin  .9^  sin  ft  cos  ft  J  +  cos€„  {sin  *ft  cosft — anftsinft  cosft} 
=  {cos  e  sill  ft,  —  cos  f  sill  /?  }  {sin  ft,  cos  ft  —  ain  ft  cos  ft,] 

s=  {cos  «,  sin     —  cos     sin  ft}  sin  ft — ft  .....(11) 

In  like  manner,  for  the  denominator  of  equation  (7),  we  have 

ooi€,(doft-«»«/8«mft-co.ft^iinftc<»ft)+oMa«n/?^«^^^^ 

=cw«,(imft«0B*ft^— «iiftcM^„MA)+coie.(Mn/8^cM»ft— riBftcosft« 

=  —  (cm  «,  00*/?,, — ooft  e«  coa  ft,)  amft„— ft  i  (lit) 

The  cqiuitions  (7,  8,  9)  then  become,  respectively, 

Uai  K  =  co»^.Mnft-cose,sinft  

«M«,Cmft  — €MC„COftft 

COS  f ,  sin  /3  —  cos  f  „  sin  ft 

BO*C  =  :^     ,  ^  "     ^'^■"■■■'-■.^^-'''rrw,^'  -(14.) 


COS  <f  =  qp  *7  • — ^  ^   


CO>C,eO»ft— COBg^CQgft 

'  oin*c,— Stone,  cose^iiMft, — 0f+ci»  *€, 
Now»  in  the  general  equation  of  the  eifcle,  (1.)  ci  tliis  p^er,  put  the 
values  of  tan  X,  coa  jr,  and  an  k,  then  there  will  result  the  final  equation 

cot<p= — ^^{cosf  (cosf,cos/3„ — co8<,co5ft)+8in6(co»f,sinft — co8f„sjnft)}..(l6.) 

Cor.  If  and  e^^  be  right  angles,  we  afaall  have  cot  </>  =  0,  whatever  0 
may  be,  as  we  4rfhenriae  know  it  should  b^  die  cude  sought  being  then 
the  equator. 

Kn  2 


Digitized  by  Google 


StSO  Mr  Daviib  on  the  £guaikm§  t^Lod 


VL 

Segmred  the  eo-ordmateg  of  ike  pohte  tfmtereecHon  ^tmo  gioen  gnat 

drcke. 

Denote  the  given  cudM  by 

cot  ^ = — tan  X,  OM    —  ir^  (1.) 

oot^s— cafiX««og(6— ir.)  (S.) 

From  these  wc  have 

tan  \  _  ct)s(<) — A  J  A„  -f-  sin    tan  0 

 ^  tan  A,  CM    —  tanX„cos/c, 

*~     tan  X^  sin  /r,  —  tan  \  sin  ^, * * 

tan\cosA-,  — tan\„coa/f„ 
^ V  un*X' — Stan A,tan\,cM       k,^  +  tagk\ ^  ' 

V *M  »\— «tan  \ tan  X^CM  («^— icj + tan  ^  ' 

Agnn,  firam  equaiioni  (1(  S)  we  find 

6  ss  CM-*  (— oot  ^  out  \)  + 
= cot  ^  COtXj  +  K« 

end  thoefinc^ 

cM-^'  (—cot  ^  cot  X^ — oof*'><oot  ^  cot  X„)  s=  ir«— 

Or  taking  oodne-fimction  cf  belli  aide^  transposing  and  squaring,  we  get 

cotm  =  I  "     (6.) 

Vcot*X,— .Stoot^ootX^cos/c. — K^  +  cot'X^ 
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VII. 

To,foi4iheain^niadebyug^ioengreatdrdewUhagi!oenmB^^ 


Let  the  given  circle  aud  the  given  mfiridiaa  be  M  F  and  M  D»  and  de- 
note thm  by  the  eqiutkos 

coC^  =  — tanXeosCd— «)  (1.) 

Q=^.  (a.) 

When  they  intersect,  wc  have 

ool^  =  — tan\coB(j9| — K}  ^) 

Again,  when  the  given  peat  ciide  intenecta  the  equator,  we  heve 

cm(6i— K)=£0,  ord  =  |^+'CsFD,  or 


FD 


BttI,  by  Napier,  iiiiMF  =  t8aFJ>cot  FMD,  arpatlingiheaiigfe  sa 
we  have 

.       sin  MF  O(W0 
cot  (f  ~  =  '  2" 

uuPD  ^«>t(if— 


cot(/c  — 
V 1 +tan'A  COS*™— /9, 


sin  /c  —    sin  X 


.(«.) 
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Also,  from  (5)  we  readily  obt;iiu  the  sine  aad  cosine  of    ;  viz. 

«0i  <, «  i:  sin  X  sin  /f  —   

■ID  e, = ±  V  l_im*Xaiii   (7.) 

VIII. 

Zb  dettrmin«  ihean^  amtmned  by  tnogivengreat  circles. 

Let  llie  drdes  be  denoted  by 

cat^s-<-tniX,ooB(&— ic^  (I.) 

eaUfiss—tmKewid—Kj,.,.,  (2.) 


The  anises  made  by  each  of  these  with  the  meridian  throng  didr  points 
of  mteiseetion,  are  found,  by  Ait  VIL,  putting  ic  for  the  longitude  or  ab- 


scis&'i  of  intersection. 
For  itom  (Vll,  6)  we  have 

t, = cor'  lb  X,  on  (k —  (8w) 

=  aMr>  aio  \„  liii  (k  — jr.)  (4) 

Hence 

cor-*  tin  \  m  (« — k,) — oor**  «itt  \  rin  (iC «—  k,)  =  c« — c«'  (5.) 


or  tsloDg  oonne  fimetioa,  and  ledodiig  the  leroll^  i*e  ibonld  dbtib  »  oom- 

plicated  expression  for  cosi(,  —  f^,),  involving  a  radicaL  The  better  way. 
then,  if  this  method  be  adopted  at  all,  is  to  compute  and  e^^  separately 
from  (3  and  4).    But  there  is  a  more  direct  method  of  efflbcting  this  ol^ect, 

at  least  in  an  analytical  point  of  \icw.    It  is  as  follows. 

The  di«!tancc  of  the  centres  of  two  great  circles  on  the  sphere  is  the  mea- 
sure of  the  inelination  of  tliosc  eircles.  It',  tlierct'ore,  we  denote  by  6  that 
distance,  and  riTur  to  our  equations  (  I  and  '2),       shall  have 

cos  ()  —  COS  A,  cos  \  ,  -)-  sm  \,  fin  \  t'i>s/f^—  (61) 

and  6  is  the  angle  uiiide  by  the  tvvo  circles. 
Cor.  1.  If  X„s    then  one  of  these  circles  is  a  meridian,  and  we  obtain 
casd=iiii\GOtir«— jr,  (7.) 
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which  agrees  tvHh  the  exprarion  flbtaincd  in  (Vn,  6)«  Wariag  in  ubid  that 

9h  put  for    and    f<»     and     for    +  ^. 

Cor.  2.  If  both  be  ineridianBb  tboa  coa^  =  cos  K„—mK^  tbafc  ia^  the  of 
tlie  eqnatw  cnt  offby  thmnieiniTeBtlidrinclinaticm^aaiPelEno^  it  should. 


IX. 

To  find  the  equation  ^agratt  circle  havMff  a  common  inienec&m 
with  toio  given  drdee. 

Let  cos s:  cosX,  coj.  </) sui  A,  sin  ^  008  6  — If,  „,   (1.) 

cMp«B«osX,om0 -|-«iii\,>iD^  owd— jc^    (S.) 

be  the  ^ven  dides;  and  kt  tiie  gieat  drde  Bought  be  denoted  by 

cot0  =  — tanX  OMd<*ic    (&) 

in  which  we  have  to  determine  \  and  k. 

Multipfy  (1)  by  oo8\ and  {9)  by  coa\  and  mbtiact:  then 

sin     -J  M  X,  «»\.  «o»  (?  —K,  ~co8  \  sin  X.  cx)s  0  — a  .  v 

CMp',  CM fiW^,  OOa\  '  ^ 

Miiluply  (1)  b>  8in\  C08<^  —  k,  and  (3)  by  8in\«»^  —  «^  and  sub- 
tract ;  vhich  gives 

cnX^  Mi  X^  cold— 4^  — cmX^  uiX^cnd^it^ 
IMvide(^by  <4);  thai  lie  find  tiieeqiwlion  of  the  eoni^tdide: 

oosp,ttnX.co9d — K,  — co>p,  ainX,  coad — 

Or,  to  accommodate  il  to  die  finm  (3),  m  nuHt  eq^i^  tibe  codnea  of  this, 


and  ne  find 
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Hm  tuK  =  '^P^'^"'^.^'"^^-'-"^^^'"^-''"^-    (8.) 

oos^,  sin  X.  ooftX,  — cos^.  sin  X^  cos 

The  radius  to  whidi  thii  is  vefened,  ib 

ss  [cos* ^,  sin*  X,  —  2 cos (),  cos q„  ain  X,  sin  X„  cos k„ — k,  +  cos*     sin"  X,}^   (1).) 

Amft«1l>  _^tooa*g,s^"*\-2cosp,coa(>,sin\sinX  rosy  -y,-}- cos* e,sb*X'j^  j 

OOB     cos  X,  —  coi  p„  COS  X, 

The  drde  u  hence  oomplelely  detenninecl 


To  find  the  equation  of  a  great  drdf  wki^  passes  through  a  given 
pmnt  Uf  0ft  and  is  perpetuUcular  to  a  given  great  cirde.  ] 

Let€oc<^s'tan\eM(0'-ff^  (1.) 

be  the  given  ciicle;  end  let  that  eotig^t  be  denoted  by 

cot^  =  •'UuaX  0M(6— If)   («.) 

But  this  passes  through  a,  ^, ,  and  thercfbrc,  also, 

cota,  =  — lanXcos(;d,  —  k)   (3.) 

Also  the  inclination  c£  two  ciicles  bdng 

0M«,  =  ewXoMX,  ^•in7idii\oiM(«'— «)   (4b) 

TT 

but  in  the  present  case  they  arc  perpendicular,  =  ^^ud  hence  (4)  be- 
comes 

cot  X  =  —  tan  X,  cos  K  —  k,   (5,) 

Between  (3)  and  (5)  we  have  to  determine  k  and  X. 
We  have»  by  division, 

tana,     ootK,— x  eo»ir,+tioir,t«n«r 

_  __tanrt,  cf«/9 — tanX,co«if, 

tan  a,  sin    —  tanX,  iioK;,   ^ 
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  tan  a,  008  jS,  —  tan  \,  cos  k, 

mK  —  zn.   I  -  •-^   ......  (7) 

^tan*a,  — Sttna,  t«D\  m^,-^itj  +  laii'\ 

.  tana.  MiJIf, — tMiX.  mir. 

A|pdii«  cot  X  = tu  X,(ooBir  OMIT,  +  ain  ir  HO  If,) 

^      tan  X,{co8    (tan  a,  sin  j8.  —  tan  \  sin  a,)  —  mii  k,  (tan  a, cosjS, — tan  \  cos  ff,)} 

_  _^  tmX, tana, atn/g — y, 

Vtin««, — « tmo,  tan \  COS +  tali* X, 

The  equation  of  the  circle  is,  therefore, 

cot^  ss    ^  {4XMd(tMi  0,^0^8,- tuX,  rfiiir^-  Hnd(tHi  a,€oi  A  -taiiX,oot«0}.  ..(10) 

sin  13, — K, 

Cor.  I.  If    =  X,  and  /S^  =  /C/,  or  which  is  the  same  thing,  it  the  given 
point  coinBMw  -niHh  1^  oentie  «f  dide  (1),  we  shall  have 

««0=§   (11) 

indicating  lliBt  ihe  dide  is  mdHemuMde,*  n  from  other  oonodentioiit  we 
kii0w  it  should  be. 

Cor.  8.  The  anne  xeralt  would  have  heen  obtained  by  conndering.dyit 
the  great  ciide»whidk  ia  perpendlenlar  to  another,  poaaea  thiou^  its  eentie^ 

and  therefore  that  the  great  ciiek  sought  passes  through  «^A«nd  \k,. 
Hence  by  (IV.)  we  ahould  have  a  reanlt  similar  to  this  one;  and,  indeed, 
dividing  both  nnmentor  and  denominator  of  (9,  IX.)  by  tan  \  tan  a,,  we 
shall  have  the  same  fimn  as  wdl  as  the  same  value  of  oot  X,  aa  is  fumished 


•  Ititiiid«t<nBiiiatahlMCHmilw<qv«Hn(lI)iaftU^ 
■koiild  detemune  the  rlr<-1e, — not  from  a  particular  value  luwumed  by  the  variabia 
which  would  UMffoly  inUkate  an  taetnmeom  fiwior,  that  might  he  diminatad  by  dif- 

fereotiation. 

VOL.  XII.  PART  I.  0  0 
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by  (8,  IV.)  And  carrying  cota,  oot\  into  the  term  ivilliin  liw  vmealiim 
in  (1<^  IX.),  we  chali  have  the  lame  fimi  m  that  ^ven  in  %  IV.) 

Cbr.  8.  If    s \t  not  tailing  we  ahall  ha?e  (10)  oonverted 

into 

cot'  a,  tan 

8  cot  a,  sin  ^-^I^'  V 

=  *-^;^.<»(^J^-'')   «w 

whidi  is  flie  equation  of  a  civde  perpendicular  to  the  given  one^  and  aueh 
tiiat  the  entreB  have  tlie  same  htitude. 

Cbr.  4.  If  i*e  aedc  tiiatine  of  Mivcldw  qfmley  whicihbd«igit^ 
tlie  limit  of  A*— «>^*  «e  dull  find  it  1^|«tting  Asir,inef|iiati(Ni  (IS). 
Thiiirillgive 

oot^^^  =  1,  and  cos^'^L+^^d)  =:  co.03,  — d), 

and  the  eqioation  ii^ 

001  ^  =  ±:  cot  a,  cos  0,-6)   (18) 

Cbr.  5.  If  we  had  taken  originally  /S,  =  ,  establishing  no  other  ida- 
lion  amongit  llie  oonitintii  Ibr  the  present^  we  ihould  have  had 

— +   linO*   ....................................  ^1* 

Thil  equation  j^vea  riie  to  the  Ibilomng  leroarka: 
1«M^  The  denominator  being  onwntiiilly  aen^  if  the  box  fitetes  in  the 
nnsMfatonbe  Mte^  ftbe  nine  of  cot^  it  neeeMBiily  v^lniU,  and  iMnee 
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(p  —  (f,  or  <p  =  TT.  That  is,  ia  this  caa^  the  two  poles  of  the  equator  fulfil 
the  coiulitions,  and  these  alone. 

2dOt  If  we  take  that  particular  meridian  0  ^     we  shall  have 

«t^==F§   a*) 

whidi  ihinni  that  ^  nay  le  ^any  wdm,  or*  in  odwr  woidk  tiw  ciide 
MN^t  u  die  meridian  thnidetermiiiedL 

imtteid  of  tlu%  we  take  ttt  =  \t     niher  tana,  b  tanX,*  we 

have  ailao  oos0  =  ^;  or  ^  may  he  of  any  value,  whatever  6  may  be.  That 

is,  the  circle  itself  is  mdetcrminate,  being  subjected  in  reality  to  a  oondi* 
tbn  less  ia  numher  than  is  necessary  to  define  it. 


XI. 

To  find  the  equation  of  a  great  circle  'which  makes  wit/t  a  given  me- 
ridian at  a  given  point  in  titat  meridian  agwen  angle. 


T^t  c    FLD  be  the  g^ven  aiigl^  a«  ^  the  given  point  h,  and  LD 

the  circle  sought 

L«t  the  equation  be  assumed, 

cot^  =  — tanXco»(0  —  K)   (J) 

Now,  when  0  =  i3,  we  have 

flota  =  — tanXeosO— /()   (2) 

oo  2 
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IT 


Di»w  LR  perpendicniar  to  LP,  and  make  it  —     and  jain  PR.  Then 

R  is  the  centn  of  the  dide  LD,  md  ne  aie  leipiiied  to  fiad  the  e(Miidi- 
natea  of  ihat  point. 


New  FLR  s  2—c»  and  PLRia  a  qiuandnntal  triangle.  Henee 

coii  <\      tan  a  ^>in  c  (3) 

and  cosFLB,  or  cos  (/,•  —  /?)  =  —  cot  a  cot  X   0) 

or  «■  ~  /?  —  cos-'  ( — cot  a  i%>t  \)    ......  (5) 

From  (3)  wc  obtain,  cot  A  =  cot  cos~*  (aia  a  aio  ^ 


an  g  sin  f 
Vl— .tin'a  nn'el 


(9 


tmo  HOC 


It  irin  henee  foQow,  that 

COS  K  =  —  cos  /5  cot  a  cot  \  -J-  sin  ^'J     1  —  cot*  a  oOt*  X 
^  —  cos  jtj  COS  a  sin  f  ^       an  /3  cos  6 
VI . —  sin"  a  siri"  €      •/!  —  sin*  a  an*  € 

 sin  /j  cos  f  —  8in6cq8/3co9tt 

—  I-       ,1     ,  -  .........  17| 

•  -       /5  ?t.     eoee  eo«/S  +  sine  sin iS  co«a  ^„ 

VI— aiii"a  wuf€ 


For  eoair,  tanX,  in  equatifln  (1)»  write  die  valnei  fmdAtA  by 
{6,7>8);  then, 

f  cosa(sin^ooi«— auieooaiJeMa)! 
eoc^  =  coscce^^^^^^^^^^^^^^^^^JJ  (9) 
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XII. 

To  deacribe  a  great  circle  tJirougk  a  ^ven  point,  whick  skail  make  a 
gioman^  mth  a  gioea  great  ckvle. 

Let  the  given  point  N  have  a,  0,  Sat  oo^wdinate^  and  the  given  dide 
ML.be 

oot  ^  s    talk  X,  CM    —  «,)  (1.) 

Then  alio  Hhe  indination  being  given,       and  ihe  eqmtian  of  the  drde 
soi^tr  aeanmed  to  be 

oot^=^tMi\ow(6— ff)......  

we  shall  have  (Vm,  6)  aibo  the  equation 

oM«,sBeMXeosX,  +  rfik\iukX,eM(it-^i{;}>.  (S.) 

Also,  because  (2)  passes  tlirouf^h     (i^,  we  have 

cot  a,  —  —  Uiu  A  cos  (^9,  —  k)  (4.) 

We  arc  required  to  fiiul  k  and  \  from  equations  (3)  and  (4). 
We  may  pat  the  equaliou  (4)  under  cither  of  the  fotm^ 

cae\  =  — 8in\ana,eM(|3« — «)  I 
Putting  tiiese  sueeeaeivdy  in  (S^  we  obtun,  alter  alight  lednetion, 

 cos  f,  gin    COB    — K  

cos  \  sin  a,  cos  jS,— K  —  cos  a,  sin  \  cos  k,—'K 

cos  f,  sin  a,  cos  ii?^  cos    -(-  cos  f  hui  a,  sin     sin  h' 
(oos\  sin  a,  coSjiS,  —  cos  a,  sm  A,  cos  /c,)  cos  k     cos  A,  sin    sin  /i,  —  cos  a,  si  n  A,  si  si  \- j  sin  «  " ' 

But  oo«*\-|-  aio'Xs  1..  (&) 
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.  ^=o.»...*..(9.) 


Or  putting  in  (8)  the  values  «f  dn  \  cofi  \  from  (6,  7).  ne  hmiB  equa- 
tion of  the  Ibnn 

A«  +  B*  oos'jc  +  SBCooiit^it+C*n^^ 
~.DPoM'<r — flDEcotJcdair- 

Where  A  =  —  cos  t ,  cos  a, 

B  =   COS  f ,  sin  a  cos  j8, 

C  =    cos  f  sill     sin  /9,  ^  ....(10.) 

D  :=    cos  A,  sill     cos     —  cos  a,  sin  A,  cos  a', 
B  s   coe  A,  sin  a,  sin  jS, — OM  a,  sin  X,  tin  #c,> 


_(A«4B*^D')    5^^--C*^^  .  .  „ 

H  iin*K  SE  Sain  «  omit; 

Or  aqmring^  tnn^maiiig,  &e. 

^  il  (G  H  +  «)  itD    ^  (H*  +  4)  dn  V  =  0  


«u«x = +         +   (ise.) 

^.^^H^-GH  +  2gavi-HGH-.G*  ^^^^^ 

Or  putting  for  G  and  H  their  values,  we  have 

(A'4>B'-iy)(y^-CVE«)  +  3(DE-BC)«±g(DE-BC)  V  (DE-BQMA'-hC^-E'XB'^-C*^) 

(W^^  —  C^^^^>*  +  4  (DE  —  BC)* 


-(A«+C-B*)(B'«D'-C'-£')-|jpT:-  Rr)ga(DE-BC)V  (DE-BCy-(A«+C^E')Cff^I>CcCE«"> 

(B'^D*  —  C«  —  EV  +  4  (DE  —  BC)* 


Theie  wgnrnm  in  die  genenl  Hlnliont  and  in  their  piceent  fintn,  are 
veiy  eompla.  If,  howe?er»  ftdlity  of  cakoilation  lie  aimed  a^  diey  may 
be  aimplifterl  in  various  waya.  Bat  «e  my  ei^eet  in  thia  paper  i»a  totaify 
different  one, — that  of  obtaining  analytical  formula?  to  exprcm  the  eonatanta 
of  an  indetenniDate  geometrical  problem,  which  are  only  implicitly  ^ven,— 
it  a  unnecessary  to  dwell  upon  the  qu^tion  in  any  otlK-r  point  of  view.  In- 
stead, therefore,  of  attempting  any  transformation,  I  shaU  conclude  the 
article  by  a  remark  on  the  atgnification  of  the  aointicm  juat  obtained. 
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As,  from  any  pdnt  on  the  sphere,  wc  may  iiroccetl  in  four  diflerent  di- 
rections so  as  to  cut  the  given  circle  under  a  gi\  cn  angle,  still  so  related 
that  ouc  pair  will  (orm  adjacent  arcs  of  ouc  great  circle,  and  the  other  two 
of  another,  so  Uiere  will  be  two  great  dxdes  which  fulfil  fihe  coodilion 
nqjiniHL  Eadi  ti  fJioe  hw  two  eentm  dkanetricaDy  oppodte  on  die 
qliere;  md  tiie  viliiei  of  nn k  given  hy  extrRCting  tfae  loot  of  (14^  and 
die  values  of  ooojc  from  (16)  lefiar  to  the  loogptudes  of  dwie  ftar  eentres. 
and  determiiie  diein.  ^nie  vduesof  ao\aiideoeXcaiiiiow1wdetenmiied 
fiom     7).  mA  die  qucitioii  is  oompletdy  solved. 

When  the  givoi  angle  is  a  li^  oai^  oos  *,^0f,  and  henee  A=B=C=0* 
and  die  xadioal  Tamahflib  as  wdl  ss  oertaiii  odiei-  of  die  tenus  Ssralved  in 
easKanddii«'.  We  thus  get 


(16.) 


agreeing  with  the  result  oljtiiined  in  (IX,  7,  8),  where  this  purticuhu:  cm' 
was  the  subject  of  examination. 


XIIL 

Ibjhd  the  ejuaOon  tfadrdeOm^hareeghmpoiiUiimtkespkere. 

Liet  die  ciide  he  denoted  by 

cmfsi€a$\ooB^i-ua\m^eoBid^K)  (i,) 

and  die  three  points  be  afi,  and  a,,fi,^.  Then  we  have,  because  (1) 
pasaes  diioiigli  these  tfaiee  pointy  to  find  f  ,  ir,  A.  fiom  the  three  ibUowii^ 
ct]iiatioiu: 

CM(»=«wXono-f  riRXtinaoosfjS  —  k)  (2.) 

cosp  =  cos \ cos  a,  +  sin  \  sia  a, cos  0^,  —  k)  (3.^ 

<)«s^=omXcoso«  +  ain       a«CM  (/S.—x).  (4) 
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Snbtract  (S)  fiwa  (8),  and  (4)  Stem  (S) ;  then  we  ham 

cot  \  (cos  a  —  cos  a,)  =  sin  a,  cos  (jS,  —  k)  —  wu  a  cos  (/3  —  h  ) . . . .  (5. ) 
cot\(cos  a~oo8aJ:=8m  a. oo«(/3«— X)  —  sioacosO^  —  /()...(&) 

Expoid  tlieae.  «nd  anaoi^  ibm  ae^^  Then 

cocX  (mm  a— cos  a,)  =  (sin  a,cos/3,— 9niaG(wj3)co8K  +  (^n  a^sinjS,— rinanQ|9)diiir  (7  ) 

cot  \  (cosa  — cc»aj  =  (md  a.  co8/3^  —  sin  a  cos /3)  cosk  +  (sin    un —  sin  a  sin^d)  sioK  (8.) 

Reaolviiig  these  (7«  8)  with  respect  to  nnx  and  ooeir,  we  have 

Ccosg  {ma  a,ao»ft,— doa^  CTwft)'t'Oo»g,  (sin  a  cos /3— sin  a.  cos  j9j + cosa,  (sin  a,  cogjfl, — sbc  cwjfl)-!^^^  ^ 

eosa  (Mntt,Maff, — «na,«nj8,)+co>a,(wnashiff — tina,Mafi,)  +eota,{tana,mafi, — sin«  sin/9)- 


nna,aijia,  Au^,^fi, +mama,  ib/S,— 13 + sbaaina^rin  jS^-^/S, 
Write  thes^  &r  tiie  present,  in  the  fo&ovring  fonn, 

nnics — out  X| and oo»ir=— —  cot  X. 
P  P 

Then,  sinoe  u'^r^-eoeVrrl,  wc  have 


tia*\= 


■inX  = 


Henoe  abo  we  have 


micg— cotXg  ^  ,  .and 


(W) 


oinxb  eocX  =  - 

Inserting  theie  aevemi  values  of  the  funetkns  oft  and  ^  in  dther  of  the 
eqnatioiu  (2, 8, 4),  we  should  get  values  of  oosp;  hut  m  these  cases*  the 
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symmetry  of  the  result  would  be  destroyed,  as  we  should  find  the  oKKcdi- 
nates  of  one  of  the  points  ufdved  difi^ently  fitmn  thfiae  of  tile  atiher  poiiita. 
But  by  maldbig  ike  anlMtitntioiit  m  d/,  adding  the  lemilts,  and  taking  unew 
ddid  of  the  Mim,  we  ehall  liave  a  nine  of  ooef  in  the  proper  fium.  The 
mnk,  whidi  ii  long,  but  invdving  no  other  diffieulfy,  is  miffeiied  hen, 
and  the  leenlt  merely  set  down.  That  is 


oosano 


a,  gin  g,  gin    — +  cosa,  sin  a  an  a.  sin    — /3  4.  cos  a,  an  a  bp  a,  sin   — jS, 


these  sevenl  suhstitatiknis  in  (1),  we  have  a  complete  eolntion 
of  thepniblcm.  The  deDoaiinator  stppesiing  in  siQ  the  terms 

of  the  expresnon,  is  emitted  altogetlicff. 


cosa  sin  a,  gin  a.sinjS,-^,  +  cma,  sin  a  rin  a.  sin        +  cosa.  sina  8ina,8inj9-/3^  = 


cmip  ;sina,siiia.,siti/i,-/i,  +  »inabina,8inj9,-/3  +  8inaMna,giad-/S,}  — 

f  cosB  f  cos  a  (sin  a,,        -  sin  a,sii),5,)  +  cos  a,(siT>a  sin  ,'9-iin  a,»in,5,)  +  cosa^(sina,siii,5,-sin  a  sin/9)  \ 

Cor.  The  condition  that  must  subsist  amongst  tlie  co-ordinates  of  three 
points  on  the  sphere,  that  they  may  range  in  the  same  great  circle,  is, 

cg>a«iiia,8ina««ii^,-/3«  +  ooia>na«ina«8in/9.-/3  +  cawa.nna dna.uD/S-jS,  =  a  ».  (Iff.) 


XIV. 

To  chm^  the  Ofigm  and  Direction  of  the  CknirdisuUe*  qf  a  S^^herical 

Curve, 

1 .  Let  the  origin  remain  the  same,  but  the  prime  meridian  be  changed 
for  oiiL  whose  longitude  is       then  the  traasfonnation  will  be  eifccted  by 

writing  S  -f  fi,  instead  of  0. 

2.  Let  the  origin  be  transposed  to  a  point  m  the  prime  meridian,  wtiose 
radius  vector  is  a. 

VOL.  Xil.  FAUX  I.  P  p 
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XlMit     let  L  be  ft  poiitt  whon  eobcidiiates  ne  to  lie  dunged  from 
prime  meridma  PO,  to  tmotlier  oii^  ^  in  that  meridian,  end 
prime  meridiaa  NP. 


IN  ^ 


KLii  a. 


HcieNPsa;  ^l^^<^\  PLN«0;  PNL  =  d';  and NLs^ 
Then, 

oM^  =  cot^ki'oMa  +  ain^MiaeMd'    (1.) 

ibjbmid  ^  ain^rin^   ^   (9.) 

whidi  eonditloiu  iriil  enable  na  ta  express  0,  0  aa  fnnctioiu  of  ^,  ^. 

From  (1.)  we  find 

«m0  =  ±:^1  ~(an^  cmo  +iin0'  lina  omO')*    (8.) 

And  ftom  {%)  and  (8.)  we  get  icadily 

an  ^'  MP  & 

*/T--(ios (/)  cosa  -I- ma^  «nn a  «o§^ 

Which  values  of  sin  (p,  cos  (/>,  sin  ^,  and  cos  0,  will  traiuform  any  curve  re- 
itrred  to  F  and  PO  into  one  reierred  to  N  and  NP. 

J.  W  licii  we  wish  to  transform  the  ori^n  from  P  to  any  {wnit  in  tiic 
equator,  as  E,  we  have  owh  to  refer  the  locus  to  the  meridian  PE  and  ori- 
gin P ;  and  the  iormulx         4,     become  in  reference  to  thifl. 
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8U) 


VI— nn'^  00^0" 


VI— hd'^co^^ 

i.  Tf,  befddcs  changing  the  origin  to  N,  it  be  required  to  cliangc  the 
direction  also  of  tlie  prime  meridian  to  NU,  which  makes  witli  PN  an 
angle  r  N  U  =  fi,  theu  we  have  only  to  write  in  equation  (5.)  for  &  the 
angle     +     and  the  tran^nnation  will  he  completed. 

5.  VVc  may  particularly  specify  the  case  where  tlie  trausfurmatiou  is  to 
the  opposite  pole  of  the  equator, — a  case  of  firequent  oocuirence  in  the  inves- 
tagation  of  dillbrent  lilieoraiii»  and  stOl  mora  fiequenily  in  tsaeaiaalSiaa 
of  the  eonne  of  Ae  earve  whose  equation  we  may  detira  to  exttitme. 

Here  a  =  x,  and  f/i  =  0,     —  0.  Hence, 


sin  =i  mi<p' ; 
sin  6  =  sin  ^ ; 


00*0  s  €im&i 
Ik*  Snh  8w> 


t»n<ft  =  —.tun^i  and 
tM$  s  tand' 


SM.  1.  We  mayinmtmte  ibis  tnuMfimnation  mtiiecaieof tliecirale. 
Let  its  equatioii  he 

cm  <p  sin  \ 


or. 
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Inserting  the  value*  of  die  functions  of  ^  and  $  firom  {%  8, 4^  S)  in  (6).  we 
harcbdn^piDg  the  oommon  denomhiator  '«^lKeMaciM^+«iitanD^  eos#)', 
the  ftUowing  result*  as  the  tranafotmed  equation  whksh  we  are  in  aeudi  d, 

(sinXoQsa  +  cosXcosKHna)oot0'  =  —  [(sinXsina — c<»\cmacofSK)coa&  +  anKcm\sia&]  . . .  (7.) 

,  .  sin /c  cos  \ 

lftirepntic'  =  tan-'^XA»«-co,XeD.«e»<r>  •»* 

V  _  cot~"(c()S«  ainX  4.  cos  A>  sin  a  co8«)i  then  we  shaii  have  (7-)  trans- 
formed into 

oot^  =  —  ti]iX'oot(d''— «0   (B^) 

the  same  general  form  as  before. 

SekoL  %  Many  intemtiiig  inqiuxiet  icapecting  tnaufinnatioiii  of 
oo-onfinatea  nraat  be  ddiqred  ftr  the  praaeiitt  aa  tiie  loom  which  I  can  here 
aUoi  fo  die  inqioiry  ia  abeady  iUled.  One  |irincipk  to  he  ectabEdied  ia^  that 
no  tranafimnation  dun^^  the  wrdtr  of  a  curve  on  die  q^hcxc^  more  than  on 
a  pfame^  or  in  apace  of  dnee  dimensions.  Much  a*  I  wiah  to  enter  upon 
this  matter  here,  I  am  compelled  to  waive  it,  on  account  of  the  preliminaty 
discussion  of  wliat  determines  the  order  of  n  sphexiGal  cum,  and  what  test 
tviil  decide  it. 

XV. 

The  gieat  varied  of  cases  in  which  we  may  have  oecanm  to  examine 
die  pngeetion  of  n  qhcrical  cnrre  upon  a  plane*  rendem  it  necessaiy  to  lay 
down  a  general  fimnuk  of  prqjedion  lor  this  purpose^   This  wOI  he  done 

in  the  following  sunple  lemmas. 

] .  A  point  D  on  the  smfiuie  of  the  sphere  is  projected  from  a  given  pdnt 
in  the  axis  of  the  sphere  upon  a  plane  parallel  to  the  equator.  Find  the 
distance  (tf  the  projection  from  the  centre*  of  tlie  phme 


*  **  Gentn  of  the  plane"  ia  iwed  to  ngnify  the  poiol  where  lh«  plwu  ut  projection  i> 

a 
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I^et  M  be  the  projecting  point.  A,  B  the  poles,  C  die  CBDin  cf  die 
sphere,  ADB  the  moddiaii  in  uludi  the  pdnt  h  ntuafted,  and  RST  its 
intenectkm  inHh  die  plene  of  pngedaoD.  Thea  S  ie  die  pent  into  frUfih 
D  u  pniJeetecl,  and  HS  ie  die  line  or  dietence  ton^gbt 


A  \ 

\  ^ 

/n  1 

Y 

Put  CM  =  di  BC  ss  a;  CR  =  c ;  AD  =  0 ;  RS  =  w,j  and  CN  =  v.  Then, 

£M  s  6  +  a  cos  ^,  and 
EM  :  MC  :  :  ED  :  CN,  BT 

^         ~  ^  i  4-  a  cos  9 

Again,  CM  :  RM  :  :  CN  :  RS,  or 

^  '         e  o  +  aGoa^ 

which  is  the  distaaee  MmhL 


2.  The  angles  made  by  the  meridiuu  aI),  &c  are  obviously  equal  to 
their  prq|ectioiM  oa  die  phme  RS. 

3.  Dropjimj:;  th(_'  sulfscribcd  actout  Irom  in  (2),  and  xeaolniig  die 
equation  for  sin    aiid  co^  0,  wc  obt^n 

bih^c\v^v  •Jj'^  —  &»>     -h  g'  (6  +  cj*       _     _  |«  ^ 
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4  By  nMiaii  of  (S)  and  (4)  we  can  aasigii  the  pokr  equatiou  the  pro- 
jeetion  of  niy  iflierieid  com  txgm  %  plane  popendicular  to  tlie  axis,  m 
lASA  the  projecting  pcnni  ii  dtnated.  Let  ub  tdtae,  ftr' instance,  the  three 
oonuBOO  pojeetiffliii^  the  ofik^grapkht  ttereographk,  and  gnomonic* 


The 


.  Hew  &  B  inlfaiHe^  and  Hie  equalioiiB  an^ 

p  =  a  lin  0»  or 


The iSltorwq^qjiM;.  Here6  =  ii»  andcsO;  and 


V  = 


■in  0 


tma  wfaieh 


Insert  this  in  ooe*  ^  +  sin'  0  =  I,  and  we  get 

2av 


0 


5  0 


(6.) 


(7) 


lie  Gnomoiw.  Hck  b^O,  and  c  ^  a;  and  the  ieqaation  heeomea 


0090  ' 


5» 


===;  ana  nao  s 


5  The  different  "globular  projections"  that  have  been  propowyl  for  the 
cuustruction  of  geographical  mapa,  by  taking  as  projecting  points  different 


*  These  two  equatioiu  are  foreign  to  the  mqiui|!.   Ik  manner  of  their  appeataaee 
here  is  easily  shewn ;  bat  til*  extant  to  wiii«k  tliis  paper  ND^  forlnd^ 
thia  topie  at  prcaeaU 
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points  in  AB,  are  reprt^ntod  by  equations  (3.),  (4.)  Those,  for  instance,  of 
Lahihe,  Arrowsmith,  "Nicholson,  &c.  ;  Lut  as  tlic-re  is  notliing  par- 
ticularly interesting,  in  a  matheniatieal  [loiut  ot  view,  attafliecl  to  these  in- 
quiries, we  sliall  [KISS  tlipm  over.  We  may  just  statt;,  however,  that  when 
we  wish  to  assign  tlie  cone  whose  intersectioa  witli  the  sphere  is  any  sjK'cific 
spherical  curve,  and  whose  centre  ii>  at  the  centre  of  the  sphere,  the  same 
equations  apply  w  ave  employed  for  t^e  interchange  of  rectangular  and 
polar  OHii^ateB  in  tibe  vnial  proceiaet  cf  analytical  geometry. 

The  equatkna  (9-)  also  serve  to  transform  (5.  6,  7,  8.)  into  rectangular 
cuma.  By  means  of  (9*)  (10.)  it  will  be  remarked,  that  the  spherical  equa- 
tions of  the  hectemoris  mn  eoDTened  into  lectangular  onea.  (See  art.  XXI. 

of  that  pajxT.) 

T  shall  not  fl^vpll  Innj^er  on  this  part  of  the  subject,  which,  on  account 
of  its  vt  r\  !  lementary  character,  i  would  gla^Hyhave  omitted,  but  that  SMne 
of  its  results  are  necessary  in  our  future  investigatioiis. 

XVI. 

1.  The  length  of  any  curve  on  the  q^iore*  referred  to  the  (XHMRdinates 
*P  and  dt  is 

For,  let  MS  be  an  dement  of  the  eurre  lying  between  cooaeentive  meri- 
diana  P£,  PQ,  and  let  EQ  be  a  ooneapoiidfaig  element  of  the  equator. 
Then. 

=  im«^ii^.|.tf^  (I.) 
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2.  The  inclination  of  an  element  of  a  curve  to  the  mfri<^'aii,  is  obhuned 
by  the  same  cousideratioiu,  viz. 

u.ll8N-^-^»S^  .« 


9.  The  ana  ef  •  splMrical  eum  b  obtabed  by  integntiiig 

A=Jll—co»ip)dO  +  C 

Considering  the  elementary  triangle  whoae  ridei  <p,<f>  +  dtp^  and  ia- 
dnded  aogle  46,  ive  have  ita  aiea,  by  the  Qmal  nde  ht  the  apheiieal  catceai, 

y  -J-  -J-  I  =  cos  9>  cm         —  81Q  ^  81D 

Making  these  substitutions,  we  find  (i.)  converted  into 

^^^=  5  0   (*•) 

(cos ^  —  I  m^d^)  +  XttD  ^  («in     +  i  cos-^  dip) 

The  infiniteaunal  addenda  of  tlui  beag  camnflled,  ^  eqmnon  be> 

miD  =  *  ^  =  I  (1— eot  ^)dtf,  (*.) 

cos^  4-  £«tn*  ^ 
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liut  tan  I  D  =  ^  dA,  in  the  case  of  elementary  triangles^  and  hence  we 
have  ultimately 

A=y^ {\  —  a»<p)d6  +  const.  • 


XVIL 

THE  EQUABLE  SPHERICAL  SPIBAL. 

We  ihall  now  firaoeed  to  tJie  appliefttion  of  iheie  ptindpilei  to  qberi- 
csl  lod, difiocnt  fiomlbwe  (tis.  the  ciidet)  whieh  we  bare  been  bidierto 
eoniMering.  It  would  beeuv-to  imagine  diflf^rent  nftdiodi  by  w^udi  cufves 
may  be  tneed  as  well  on  the  sphere  as  in  piano ;  hut  it  will  perhapi  be 

more  agreeahle,  and  at  the  same  time  better  display  the  advantages  of  the 
method  here  employed,  if  wc  examine  sphericals  already  imoginedi  And  which 
have  been  often  treated  by  other  methods.  \Yc  shall  therefore  commence 
by  considering  the  Spiral  of  Pappus  f.  We  may  state  it  more  generally 
thus: 

A  meridian  PRP'  revolves  about  (he  axis  VP'  of  a  sphere,  xchiist  a 
point  M  in  it  moves  from  P  tn  the  dti  ccfion  of  PllF ;  these  motions  be- 
ing uniform^  and  in  a  given  ratio.    What  is  the  locus  qf  M  ? 


•  Certain  pre<aiition?,  which  are  not  tmt  prominently  br«)iiu  ;](  forward  in  pltmo, 
are  necenaary  in  th«  use  of  this  and  of  all  other  forms  of  splwricul  oqiuUioiu.  W« 


t  PAvm,  CoD.llailh.Ub.iv.]iio^aa 
▼OI<.  XII.  FABT  I. 
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Reckoning  the  angle  &  to  omiiiMDee  ftt  P^P',  and  Hut  iidnia>veetor 
FM  bemg  denoted  by  </>,  and  calling  «i : « the  given  nUaa,  m  have 

m<p  =  n6  (1.) 

We  may  ixainine  a  tl  w  of  the  cases  tkit  arise  from  giving  particular  values 
to  the  constants  m  and  n. 

1.        m  —  n,  then  •/>  =  0. 

Here  wc  sliall  have  a  cufAC  somewhat  resembling  the  lemniscata  of 
Berkol  lli  in  its  general  appearance,  and  lying  wholly  upon  one  hemi- 
sphere. 


Ftc:.  9. 
P 


During  the  first  quadrant  of  longitude  the  point  M  mil  be  in  the 
apherical  octant  EOF;  and  when  one  quadiant  of  longitude  faaa  been  de- 
scribed, it  will  be  found  at  O. 

During  the  seooid  quadrant,  tlic  point  (M«)  will  be  finmd  in  the  oetant 
OF'Q:  and  at  9  of  knptude*  the  point  will  meige  in  F'. 


*  In  these  figures,  we  suppu«e  the  sphere  orthogmphically  projected  on  the  pliuie 
of  the  meridMB  PBPQ.  As  ttis  will  iM|iiiM  -i«  to  lepmoit  Voth  tkb  liesaiqilisiNS  ssi 
MM  jfbmb,  we  ahall  difltingiush  tint  wkkh  u  between  ua  and  the  ineridia&  by  the  Bane 

tttenvex  and  the  other  by  the  mum  ameave  hemisphere.  We  ^luill  tni<-t'  in  ^Ul  Aw  ihs 
parts  of  the  locus  that  lip  <m  thp  mnvpx  iK'tiii-iilien-,  hikI  in  tli'"--  ivlijch  lip  on  thp 
concave.  Tlic  ^anip  li-tti  rH  Hn-  iisi'il  fur  cdrrt'spondiiig  points  ou  both  hemispheres;  but 
those  belonging  to  the  coituive  are  accentuated. 
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Wlicu  the  longitude  is  greater  than  tt,  the  polar  distance  will  be  rcc- 
Itonud  oil  a  dotted  meridian  PR'P'M,  which  eomcs  \ip  (on  account  of  its 
also  being  greater  tlian  nr)  on  the  convex  side  in  P^M^^^ ;  and  it  theie&re  Ues 
in  EP'O  80  long  as 


■•K. 


each  the  value  of 


And  it  nrins  again  at  0»  when  ^  and  B  liave 
three  quadianti. 

During  the  interval  between  llie  vahies  of      and  Sir  taken  by  <p  and 

6,  the  point  will  be  in  the  octant  POQ,  and  at  the  termination  of  that  pe- 
riod, it  will  have  returned  to  P,  the  origin.  It  is  also  evident,  that,  by 
continuing  the  prcx^s,  the  same  succession  of  changes  will  tflke  place,  and 
the  same  path  on  the  surtaci;  of  the  sphere  traced  out.  The  figure  whose 
orthographic  projection  is  PM^  0M„  is  the  compUte  iocus, 

therefore,  of  the  equation 

8.  Let«A8n,or  ^=40:  then  the  figure  (10.)  ia  the  ortbogiaphic 
Fig.  la  Fie.  11.  Ft«.  1& 


representation  ;  and  if  m  —  ^.  n,  or  <p  =  26,  the  figure  (11.)  is  the  remilt.  In 
this  there  is  to  be  understood  a  dotted  branch  lying  under  the  branch  PRP'. 
We  have  therefore  ol&o  tractxl  iu  Fig.  1 2.  the  two  brauehes  visible,  by  ta- 
king POP'O'  as  the  convex  hemisphere,  instead  of  PEPQ. 

'  S.  Let  ^  =  ^>  whidi  n  thepardeuliyr  ease  eonfli^kred  by  Pappvs.  Here 
the  curve  cuts  the  equator  after  a  oompletc  revolution  of  6.  A  second  revo- 
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kttonitf  (9eaRM«1lie]mnttothc  ojrpo^te  pok  ^  A  1iluidlinii8iitbM& 
toiheeqiUKtoratQ;  andftfbiuth  iMdctoP.  The  general  llgnie  cf  die 
enrve  iriU  be  wdl  iindentood  from  Fig.  ISt,  keeping  in  nund  that  aD  ciMpi-> 


Fig.  13. 
P 


dated  pointe  in  the  ciide  PELQ,  ag  F,  G,  H,  I  aie  indicatiTeef  the 
do^ed  and  tiaced  hiandies  whose  pnjcetioiDs  meet  in  tiioie  pointi^  ftnnmg 
ciaitinuoiu  portions  of  the  eoive. 

4.  If  m  and  n  he  comniensnrabic,  tlic  branches  of  the  spiials  traced  out 
will  return  in  the  same  order,  and  each  coalesce  vdth  its  ooRCsponding  one, 
after  0  has  attsincd  tlic  value  2mnir ;  but  if  tlicy  be  inconunennnabli^  theie 
can  never  be  any  reduplication  of  the  apixaU  traced  out 

XVIII. 

The  rectification  of  these  spirals  can  ahcaijs  he  effected  by  arcs  an 
ellipse^  but  never  by  any  simpler  Junctions, 

For,  in  this  case,  we  have  d  =  ^  and  dd=^d^  Hence,  the  cle- 
ment of  the  aic  beoomes 
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1.  When  ^  =  ^,  we  have 

S.  When  0  =  ^,  weliaTe^B4»oriits4aiid  fi=I.  Hene^  Ae  kogdi 

of  the  ^iial  of  Pappus  is 

It  is  imi^ecossary  to  pur<mc  these  rectificatums  farther,  as  the  character 
of  the  inquiiy  is  well  known  to  geometen. 


XIX. 

7%e  areat  of^ete  tpindi  eon  m  ttune  eatct  be  eaepreued  by  meant  qf 

tphericttl  btneg. 

The  genenl  expwBaioii  £»  the  etement  of  4he  aze  u 

liA=(l-OO9^)'^J0  (1.) 

or  As--        >Bn^)+€Oiut  (2) 


1.  Let  fliBfi.  Then  taking  the  int^gnl  between  0)and  ^»  we  have 
ftr  one^fourth  of  the  area  of  the  curve, 

A=l  -1. 

erfiirtliewhoile  area,  A  fi=v>*-4.  The  ndius  in  all  theie  caaea  betng 
unity. 

2%^  residue  tfd^  hmiij^iere  it 

v^Mkbekigequallotkesquaretfthediametertf  the  sphere,  that  ren- 
due  te  piain^. 
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S.  This,  indeed,  is  one  of  the  solutioiiB  i^Tem  by  James  Bebnoulli 
to  the  odebrated  Enigina  of  Vitiani  imposed  to  the  Analysts  of  his  dsy^ 
in  1688.  !N(»r  does  onr  ctmstruetioQ  differ  in  any  pagticnhg  worthy  of  men- 
tion fiom  that  ffyrm  by  the  illiutdotts  Profiessor  (tf  Basle*.  The  oonstrn^ 
tion  of  VxTiANi  himself  vhich  he  pnbEthed  mtJumt  demonstration,  and 
whidi  has  usually  (by  writers  impliddy  foUoiring  tiie  statements  of  Gian- 
DE  and  Montucla)  been  ehaiaeterised  as  ihe  most  di^ant  given  of  that 

James  Beavoulli  are  identical  f .  I  shall  heic^  however,  mnaxk,  that 
the  second  and  third  solutions  of  Bebmouli.i  arc  innccurat^  as  professing 
to  leave  quadrable  spaces  on  the  suftoe  <rf  the  sphere.  The  seeond  of  these 
is  given  by  the  oimdition 

and  the  elementary  area  is» 


which  a  little  management  will  traTisform  mto  cUlpflc,  but  not  into  circular 
V  functions.    Hence  the  problem  does  not  receive  a  solution  kwa  that  pro- 

cess. 

It  is  easy  to  discover  the  cause  of  this  oversight  of  Ueunoci-LI, 
and  his  comuit?ut<itor.  They  forgot  tliat  it  was  a  reiiicliic'  that  was  to  an- 
swer Uie  question.  Had  it  been  the  area  of  the  figure  itself  that  was  qua- 
drable, then,  of  course,  any  other  which  had  a  rational  ratio  to  it  would 
have  been  quadrable  too:  but  as  the  area  of  the  iigure  was  required  to  be  a 


*  Beebb  WbricBiCollectodlTCInaMr,  vd.iLp.51S. 

t  See  Art.  XX.  Indeed  this  Km \tm  don*  Vjr  BSBMOOUi  Uaudf,  vvry  tiniplf 
and  olcgantlj.  Op.  torn.  iL  p.  744. 

X  Ben.  Op.fi.  p.  Md; 
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ctrUuii  assignable  portion  of  a  sphere,  minus  an  assignable  square,  this  me- 
thod not  giving  that  result,  does  not  apply  to  the  owe  in  question. 

Hie  mne  ranuoic  may  be  made  respecting  his  tbiid  Mhitioii,  or  tihat 

whidi  is  expressed  by  the  general  form  of  equation  (2.).   If  we  take  -  <p 

1ft 

equal  to  the  lequiAte  spherical  Imi^  then  —     0  will  be  inatiomil  and 

tnniiwiii^fiiitwl.  So  that»  m  t1tH#  ease  n^lJiw  the  curviltiiear  atea  nor  the 
rendue  of  the  spherieal  siirfiMe  will  fiilfil  the  oondition.   And  if  we  take 

^^T,  g-TT,  &e,  \vc  still  have  —  t,  -  .  2't,  which  will  uot  fulfil  the 

n  n 

conditions  neither.  We  see,  then,  that  this  method  also  fiul^  except  in 
particular  relations  amongst  the  constants  m  and  n. 

S.  When  ^  rz^,  we  hftve  the  spiral  of  Pappd8»  that  is  the  curve  by 

whidi  be  abstracted  such  a  portiaii  of  a  sphere  as  was  perfectly  quadrsble. 
JSsve 

<i  A  =  (1 — cos  0)  4  d  0,  or 
A=4<^  — idn^+oooat  

Now,  when       ^.  we  have  As  Xv—- 4^ 

which,  subtracted  from  2  t,  leaves,  as  before,  for  a  residue  of  the  heinisphere, 
the  square  cf  the  diameter  of  the  sphere.  This  agrees  with  the  usual  solu- 
tion of  <iie  piraiUem. 

4.  Let  0  g- :  l^en  A  a  20  — .  Ssin  '/>  +  C.  This  taken  between  0 
and  IT  gives  A  =  2    or  the  spiral  bisects  the  superficies  of  the  sphere. 

5.  Take  0  =  |  then  A  =  8  </>  ~ 8  nn  0 ;  and  tiiis  taken  from  0  to 
to      gives  4  '7  —  8  i  or  the  residue  of  the  whole  sphere  equal  to  eight 

times  the  sqtiare  of  mdius.    In  like  manner,  seveml  of  the  values  of  ^  may 

be  found,  which,  when  </>  is  taken  between  certain  limits,  the  residue  of  the 
sphere,  or  of  particular  portions  of  it,  shall  be  quadrable. 
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XX. 

The  identity  cf  tiie  eolutioiu  of  Vitiahi  and  Bbedoulli  of  the  Flo* 
tentine  Enignia,  wu  anorted  m.  (XIX,  S) :  we  diall  prove  it  here. 

Fig.  14 


Let  «  pUme  perpendicular  to  the  KOB  cut  the  cyliiulor  in  tlic  curve 
NGH ;  and  let  n  diametrical  plane,  perpendicular  to  the  plane  NGH,  cut 
the  sphere  in  PQ,  and  the  plane  NGH  in  OQ.  Take  the  pole  of  NGH 
for  origin  of  <P  ;  and  let  the  equation  of  the  j^neratin^  curve  NGH  (refer- 
red to  pole  O, and  jwlar  angle  QON)  be  /"((^  v).  Draw  MN  ±  to  t!ir  piano 
NHG,  then  ININ  is  one  of  the  edges  of  the  cyhnder,  and  M  a  point  in  the 
curve  of  penetration.    Draw  MR  parallel  to  NO. 

Then  KM  =  ON  =s  v  =  a  sin  0  =  sin  0  (rad.  -  1). 

Hence  the  eqiiatioii  of  the  curve  of  penetration  of  the  sphere  and  any  vf- 
Under  is 

f(e,^<P)=Q*  (1.) 

But  in  the  circle  on  OQ,  to  which  the  present  qfiMfltion  refen^  \n  fasve 
0  =  a  COR  ^  =  cos  d  to  rad.  1.    Insert  this  in  (1). 

Hence  the  equation  of  the  curve  heamx*,  (see  fig.  at  top  of  ue&t  poige), 

no  ^  =s  0. 

«  +  *  =  l  <«.) 


*  For  MPQ  =  NOQ  =  1;  or  <  w  the  same  both  on  the  spheriad  •qnator  nd  iti 

projection  on  tlu'  piano  MHG.  It  mny  hIso  W  remarked,  that  xh^ff  is  no  ewential  dif- 
ference between  Behxoulu'i  owu  proof  aud  the  one  abore  gtveu,  except  the  notatiMk 
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Tins  is  ideatioil  widi.BBEXOVLLfa  Mhition,  and  diffcn  from  tfaftt  given 
above  only  in  having  a  difibent  otiglii  of  ^* 


XXI. 

Fl6.1«. 


It  may  be  semadced  in  paiBi^  diat  the  oAer  knoim  piopertiea  of  thia 

section,  given  by  BossuT*,  MoMTDCLAf,  and  Ivory},  may  be  eadly 
obtained  by  metliod.<;  analogous  to  tliose  above  cmpluyed.  To  take  as  an 
inilano^  that  of  Moktucla,  viz.  that  the  siufMse  of  the  intercepted  por- 
tion oif  the  cylinder  itself  is  quadrable.  Take  any  corresponding  points  D 
and  E  in  the  base  of  the  cylinder  and  the  curve  of  penetration.  Then 


•  lMn.der]MtHat.lOB.u.p.SS8. 
f  Hut  dn  MalL  torn.  iL  pb  94. 

\  Leyboukn's  Mathematical  Rfpox.  vol.  i.  pt.  ii.  p.  1.  New  Series.  See  also  Wood- 
HousK  in  Phil.  TniM.  1801,  p.  163.  Other  works  are  refeurred  to  by  hisUnicat  writen : 
but  as  additional  deMdl  would  W  tuconaiitent  with  my  plan,  I  ahall  not  ooaiider  fortliar 
nHBiiMtioB  to  hi  at  pwMiH  inmawiy> 

VOL.  XII.  PART  I.  R  r 
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ED  a  cos  ^  s  on  0,  indtbe  dement  of  lihe  cylindiwal  mifim  u 

or  integrating  between  the  limits  0  and  we  luve  the  semicylindcr  =  2, 
and  the  whole  cylinder  above  and  below  the  equator  k  8. 


XXIL 

We  mentifliiedf  that  in  tlie  lue  of  tlie  fitmiila  A  (1— Qoe0)4ld, 
eertiai  pveeantton*  are  neoenaiy  to  lie  obserTed.  We  now  proceed  to  ex« 
fJain  tliem:  to  do  triiieb  we  dull  eommenee  by  an  example.  Hfmminy 
the  equation  (XX,  t),  or 

111 

A  =  —{<p  —  ODIp)  +  0(MUt. 

And  take  eiBfi.  Hdiee  A=^-.ni^-|-cowt....  (1.) 

The  atea  hen  dguified  is  the  portion  of  the  snifiwe  over  which  the  n- 
dins  vector  PM  psssss  on  tibe  smftoe  of  tile  sphere.   I(  tiieiefoie^  we  seek 

theateawitidn  the  limits  of  ^  aa  0  and    «  J,  we  shall  have  no  space 

passed  over  by  the  radius  vector  but  what  lies  wUhin  the  curve  in  question. 
If  wc  take  a  greater  value  of  0,  we  shall  liave  a  ^>ortion  of  spherical  surface 
traced  l)y  the  ra<lius  vector  v»hicli  lies  wit/tout  the  ciure ;  in  short,  the  resi- 
due o(  the  hemisphere  after  the  enclosure  of  brancii  OM^J^  has  been  re- 
moved. As  we  proceed  onward  to  we  find  the  half  of  the 

Pie.  9- 


P 


I  B 

,  « 
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concave  hemisphere  P'Q'L',  as  well  as  the  area  of  the  branch  I.M^^O  de- 
seribiMl  Aud  finally,  during  the  remaining  quadrant  of  increase  of  <p,  the 
remaining  half  P'F/L  ot  the  concave  hemisphere,  as  well  as  the  portion 
T.OPQL  will  be  passed  over  by  the  radius  vector.  Adding  these  together, 
we  have 

PM  O  +  POM  LQP  +  FQ'L'  +  LM.O  +  P'L'E-  +  LOPQL,  or 

(PMjO  +  LOFQL)  +  (POM^QP  +  LM.O)  +  FQ^L'  +  FL'E'. 

These  nuke  ap  finur  spherical  quadxMital  lines,  or  the  whole  surface  of  the 
qiheie :  and  such  would  have  been  the  antidpated  result  of  taking  0  be- 
tween limits  0  and  8 JBM  ihia  i»  not  the  can:  for  then  we  have  only 

or  to  a  iln^e  hemiipbeie.  ILmk  liustobeeiqilMiied?.  I  haveftimedto 
myadf  a  theoiy  of  die  apparent  anonul^,  fnit  it  b  eonneeted  widi  w  many 
conadflratiflii^  tiiat  the  dtKuadon  would  take  up  moie 
myself  in  the  preaent  p^per*.  Whilft,  iJicfefore,  I  defer  this  discussion  till 
a  future  time,  I  think  it  nec^sary  to  state,  that  the  difficulty  may  always 
be  evaded  by  transposing  the  origin  of  co-ordinates  to  the  nodal  point  of  the 
cur\e,  as,  for  instance,  to  the  point  O  in  the  preceding  figures.  The  for- 
mula of  transfonnation  adapted  to  this  case  are  given  in  (XIV.  9),  and  the 
process  is  too  simple  to  neetl  farther  illustration. 

If,  however,  the  figure  be  coin]>o.s«l  (as  in  the  present  cise)  of  four  equal 
branches,  it  ^^^ll  be  sufficient  to  find  the  area  of  one,  and  take  its  quadruple 
for  the  whole  area.  This  is  analogous  to  those  processes  in  plane  curves, 
where  we  find  the  areas  of  the  branches  above  and  below  the  axis  of  x  sepa- 
rately, and  take  (in  symmetrical  curves)  double  of  one  of  them  fur  the  whole 
area. 


*  Some  prolimiiiary  considenUumi  intimately  eoniieeled  with  this  «abi«ct|  ar«  given 
i>  N«te  (B)  at  tin  end. 
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xxm. 

LEXELL'S  THEOREM*. 

On  the  tttrfixce  <^  IA«  tpkere,  Ae  line  in  vcMek  an  tituaied  the  v«r- 
iiees  tf  t^lhe  trkm^iOt  hatmtg  the  same  bate  amd  the  eame  mrfhcet — 
ieakse  <Me  eftke  epkere. 

By  resolving  (III.  3.)  suppodng  a«  j8«  ihe  variable  co-ordinates  of  the 
point  in  q[ui!sl»ni»  and  tilie  other  qnaalitiss  engaged  in  the  exprenion  (vis. 

a.0„  a^fi,  and  oos||)  «i  eonrtants,  we  dull  Und  an  e^tion  to  the  dide: 

but  as  tibia  reduetioD  k  somewhat  opcrose,  and  die  ranilting  cxpressioii  la- 
iher  complex,  we  shall  take  a  shorter  course  as  Mows : 

Let  EQ,  the  hase^  he  hiseeted  in  S,  and  EP,  8P,  QF,  diawn  to  the 


Fic.  17. 


pole  of  EQ,    Take  P  and  PS  as  origin  of  ^  and  a.    Put  ES  =  7.  SR  =  0, 

andPMs^.    Fatalso*      the  present*  ji^p^  —  ^ = MB.    Let  the 

sphericsl  esceoaeBof  the  ttiangles  EMJR,  RMQ,  and  EMQ  he  respectively 
c,  f,  and  E.  Then,  sfaioe  the  an|^  at  R  are  right,  we  have 

•  Aot»  Fetrop.  torn,  tk— Dr  Baamnraa's  Tttadatfoa  of  laBaaHuni'i  Ovomttry, 
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Sis 


f  1—6 


ii 


ooti 


0) 


From  (1.)  we  get,  by  taking  cot"*  of  each  dde  of  eMsb  equtioii,  and 
adding  the  xetaltB, 


1  =eot-»  flot  i  cot  cot-»  fiot  §  cot 


g  j|— —J  8  '  r  

or,  takmg  ootan  of  each  od^  it  is*  after  slight  reductioii. 


COS*  S  co«  *   


.       .  7  +  ^     7  —  ^ 


^T-w— J  J 

CO^  I  (oOf  6  +  OM  7) — ril^  I  (OM  0  —  CM  7) 


iin;Bim7 


cos  6  COS  X,  +  cos  Y 


.(8.) 


Or,  reducing  (3.),  aud  putting  ^  —  ^  for     it  becomes  ultimately 


(4) 


« —  a      '     ^  « 

This  is  the  equation  of  a  circle  (Vid.  1. 1.),  the  oo-ordinatcs  of  whooe 
centre  and  whose  radius  are  found  from  these  equations,  via. 


E 

tan  X  s  —  tan    ooiec  7, 


.  £ 
•o.7«.y 


.(5.) 


00*  p  =— -I  I  , 

Y  1  —  co«r  •5>caB7 

Tbeie  leralts  pcffeelly  ooneipond  ^th  fboae  obtdned  by  Lbgbndbe, 
a«  flibove  vefiemd  to^  ifhen  thadiSbenee  of  notttkn  k  Attended  tiK 
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XXIV. 

SPHERICAL  ELLIPSE  AND  SPHERICAL  HYPERBOLA. 

The  Mtm  <r  d^erenee  the  anr«  dramn  from  given  painti  orfrd 
on  the  epherCt  to  the  d^erent  pomie  qfa  eimghi  curve,  aregken  tofind 
the  eqwx^  qfthat  curve, 

Fio.  18. 


Let  a.  8,  and  a./3.  be  die  given  points,  2i  the  said  sum  or  difference, 
and  one  of  tihe  enncnt  pointa  cf  tibe  eurve^  Theq,  tlieie  two  diataniM 
are  (by  II.), 

5,  =  cos-'  {cos  «,  CO!,  0  +  sin  a,  sin  0  co»  ((^  —  1 
^„  =  cos-' {cos  a  cos  (/)  +  aina,  8in0  co8(6  —  /3.)J  ) 

'i'he  condition  then  becomes  d^rh       8**  and  therefore, 

dreM")  {cata««M^  +  attta«Mii^«M0 — A*}  } 

Taking  codnea  of  both  uAeitt  and  lednctng  the  tendta  to  their  amplest 
ftnn,  we  get 

co^       Sow  St  eos    eas    +  eoi^       iiii'  Si  (S.) 

or,  restoring  the  values  of  ^,  and  <5,  given  by  (1.)  and  reducing  the  results, 
wc  have 

Si  =:  c<)s'  ip  \  cos*  a,  —  y  cos  2  i  cos  a,  cos      -|-  cos'  a„  f  -(-  Scos  <p  sin  </>  x  % 
X  {sinfl,(co80,— coea^cos2i)co5^^ — •/■J,-f  sin  a  ,(co8a.— i!Oba,c<»iii)cc«    — B }  +-       >  ... 
+  ain*^  {Mn*o^ cos* 6— /3^— 2co8  2t  sua,  aina,  oosd — /S^oosd— /3,+ «in«a, ' 
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If  wie  write  it  under  the  tempotuy  fiinn  of 

■i]i^9ti=Acn^0+tB  COS0  un0  +  C  nn'^. 
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tveget 


C— A  arfti^  B'  zb  V  B'  — g(C  ~  A)  sin'  2i  +  m*  9i 


(5.) 


Tfaii  value  of  do  ^  is  fimtftUI,  oompoaed  of  two  equal  pun  of  valuer 
the  individuab  of  each  pair  bong  equal,  and  afibeted  witii  opposite  sgm. 
This  indicates  poiis  of  pomts  on  the  i«dlti»'VeGtor,  the  indifidnals  of  eadi 
pair  being  at  the  distance  of  ie  fion  ea«Ai  othcTp  that  ii^  diametrically  oppo- 
rite;  thus  jfbniuog  two  equal  and  opporite  hnnclieib  ritnated  one  on  fhe 
convex  and  the  other  on  the  ooncare  hemisphere.  This  is  dear,  if  we  re- 
flect t])at~sm^=ain(rin'ir<|>^);  and  tihat  henee  whatever  curve  rin^ 
traces  out,  the  eqjuation  of  —  lin  ^  wiU  tnee  out  n  similar  one  iqwn  the 
opposite  honiqphere. 

In  the  prooe&s  nf  f inning  equation  (2.)  we  lost  all  traces  of  the  distinc- 
tion of  cases  of  the  problem,  whether  2i  be  equal  to  the  sum  or  to  the 
difference  of  the  focal  distances  of  the  jwints  of  the  curve  whose  general 
equation  is  (3.) :  hut  «c  find  it  rc-appearintr  in  tlir  radical  of  eqtmtion  (4  ), 
for  the  +  refers  to  the  \oms.  where  the  suin,  and  —  where  the  dijj'craivc,  is 
f^ven.  When  the  sum  is  taken,  the  locus  is  composed  of  two  isolated  but 
equal  and  similar  branches,  situate  point  for  point  diametrically  opposite 
to  oiu>  another,  as  in  Fig.  20.  When  the  dijjercnce  is  taken,  the  locus  is 
comjKJScd  of  four  isolated  branches,  tanged  in  two  pairs,  the  coriL6i>unding 
points  in  cither  piir  being  diametrically  opposite,  as  in  the  former  case. 
The  discussion  of  the  general  equation  of  the  spherical  conic  sectums  is 
filll  of  intensting  results,  c^pedally  Inr  the  analog^  whidi  they  bear  to 
fines  of  the  second  degree,  and  the  oAenttmcs  curious  modMcations  whidi 
that  analogy  undergoes.  This  we  cannoW  however,  for  want  of  room,  enter 
upon  in  the  praaent  piqier*. 

The  general  equatiott  (8«y  is  ne^  he«i«frar»  aeceawiy  when  our  object  is 
sinqply  to  investi|^  the  charaetwr  of  this  pair  of  eorves  isolated  from  all 
othen  vriiieh  may  be  traced  on  the  same  sphere.  For  dus  purpose,  we  may 
siqipose  liie  equator  to  pass  thisiig|i  the  ha,  md  the  prime  meridBan  to  In- 


*  Sm  alM  Note  (C>  at  tha  «nd. 
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sect  that  distance.  Then,  we  dull 
(9  7»<upp<we).  Henoe, 

on  A       m  Y 
Th«8e  ndnoe  (8.)  to 


a,KO.=  a  ;  and  —  /3,  =  +  ^, 


sin  »  cos  t 


■ill  ®  =  it  , — —i —  .  .  .     , 't       , —  - — - .  .  -  n»»»'«  •••C^) 

\.eoir  7  an- 1  cos'  (?  -J-  sin^  7  cor  »  mar  a 

Suppow  7=<^  or  tlielbei»  toooalesoe:  thai 

 a.) 


cost 


^       amtcos^  cosa 
the  equfttum  of  a  kat  diclc^  whose  ndans  is  t,  vdaose  oentre  ii  at  ilie  pmnt 

The  general  equation  becomes  still  more  convenient  than  in  (5.),  if  we 
-  take  the  pde  midway  between  the  foci,  and  the  prune  meridian  at  right 

Fic.  19. 


sn^es  to  the  aide  jombg  the  ftd.   For,  1lieii»  we  have  o,s  a,  (=  a  nip- 

pose),  and  /5,  =  —       =  +  Then, 


co»d— /5,=:0Md+  jj  = — «n  <?,  and  COS  6— j8, 
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Hence  (8.)  becomes 

!«in- 1  oos'tssoos^a  sin''t  cos*^  -|-  aia'a  cos's  isa?6  m?fp,  (&) 

Fram  which 

sin  i  ikj  cos*  t  —  co^  a 


.(a) 


\/  sin"  a  cos*  i  an*  ^  —  cos-  a  mx*  t 

The  +  and  ~  as  befiwe  xefening  to  the  two  bnmches  of  the  enne  about 
the  two  poks. 


Reoining  to  the  fiwmulB  fixr  ori^gfrajiiUc  |>f0iectiof»  (XV.  6.)  we 


hafe 


These  inscrtctl  in  (7.)  give 

^(on'i  cotf'a  — cos*  i  sin^a)  +  j»co6»a  sin*«  =  a*  sui'i  (ooB^a  —  c<»^»)  (9.) 

Now,  since  t  is  always  greater  tbnu  a,  the  focton  of  the  cqiifttioil  (9.)  We 
essentially  -|-,  for  they  may  be  written, 

dii(«— a)  siD  (•  ^  a)  +  iiP  ooi^a  lii^is  o*  siii*»  (nni^a)  ni  (i+a)  (10.) 

!/'Aw  pryectivu,  therefore,  w  o/i  ellipse,  whose  mcyur  and  minor  gemu 
axes  are  respectively 


;  a  sin  j,  md  ±  c^l^co^i  tufa. 
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XXV. 

SPHERICAL  PARABOLA. 


There  is  yet  one  particular  oasp  of  the  general  equatiou  (3.)  which  claims 
attcntaoD,  on  account  of  its  being  related  to  the  spherical  ellipse  and  hyper- 
bola«  as  the  parabola  is  to  the  ellipse  and  hypcrhola  in  piano.    I  mean 

when  a,0,  it  one  of  the  polea^  and  i  =:  ^.    In  this  cne,  the  dietanoe  of 

any  point  in  the  dKumlerenoe,  from  the  Ibeiia  a,  fi„  b  eqiul  to  iti  diatanee 

from  the  equator*. 

In  this  caie  fi,  will  be  indetenninate,  and  a,  =  nir,  where  »  is  a  whole 
number.  The  equation  ($.)  beoomesi  aft»  di^t  and  obvious  deductioiis, 

The  piomonie  piqjectidn  of  winch  is  an  ellipfie,  having  the  pole  of  the 
hemis^iere  Aar  one  of  its  foci.  See  Repository  already  referred  to.  But, 
in  addition  to  that,  we  remark,  that,  in  uniformity  with  the  general  deter- 
mination in  the  last  article,  there  is  also  a  plane  on  which  it  may  give  an 
ellipse  by  orthographic  projection,  though  a  different  plane  from  the  one  to 
which  in  the  Repository  the  projections  were  rcfcrr«l. 

The  relations  we  have  assumctl,  \  iz.  a,  =  wrr,  show  tliat  this  property 
liolflc,  tvhichever  of  the  poles  be  taken  as  one  of  the  foci.  In  ease  of  n  (9 
being  ou  the  hemisphere  which  contains  a,^,,  then  it  is  tlic  sum  of  the 

arcs  Aat  aie  equal  to  ^;  and  when  a,fi,  and  a,^.  aie  on  diffinent  hemi- 
spheres^  it  is  the  difference  of  the  axes  that  make  that  sum. 


•  In  tiie  MsUMUMtkal  iUpOftloiy,  vol.  v.  p.  :t4U,  pt.  1,  arc  solutioiu  of  this  cane, 
which  had  hen  pwfoced  Mme  ymn  hefore  by  VnSemor  Waliacb.  Hmr  ftr  that 
gaodiinia  had  csnM  hb  iaqulries  into  M»  lolijaett  or  whethor  he  had  wpUmiida^ 
iMsivdBpon  it  iC  all* -doMfliOC  appear  ftom-thiiRepouloiy;  norhiive  I  other  aieui  «f 
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Wc  remark,  in  closing,  also,  auoLbcT  simjilifii  ation  of  the  lerenenl  fiir« 
inula,  VIZ.  when  cosS  l  =  ±  1.    Here  wc  have  (U.)  converted  into 

****  =  ~cMa,±c»a,  '  W 
vikkh  represent  two  great  circles  perpendtcidar  to  one  anaAer,—^  lendt 
iriiidi  poneiMs  dumi  to  Attentioii,  on  aeeoimt  of  eeme  caoMquenMi  daiiv> 
able  firom  it,  as  mU  as  firoin  its  cfim  geometrical  beauty. 

The  duef  modifleatioiis  whidi  (8.)  can  mideigo  are  eaoly  traced,  and 
wiU  all  be  fiNind  to  d^end  vfoa  the  annf^iHf  employed  aep»> 

lately,  or  in  ooonexioii,  of  the  finm  ^»  where  n  is  a  ivhote  mmbeE.  But 

as  they  are  eaaly  followed  out,  it  is  unnecessary  here  to  discuss  the  questicm 
at  gieater  length. 

XXVI. 

Given  the  perimeter  of  a  spherical  triangle,  togetker  wtAAemog" 
nUude  and  position  of  its  vertical  angle,  tojbsd  ike  emve  to  volUdk  its 
base  is  always  a  tamgenL 

Let  El'Q  be  the  given  vertical  angle,  and  I'S,  the  great  circle  bisect- 
ing it,  be  taken  for  the  origin  of     whilst  P  is  the  origin  of  <p,  put 

Fig.  21. 


EPQ  —  2f,  and  perimeter  —  it.  I./et  the  sides  of  any  one  of  the  tri- 
angles su  cuustituted  be  denoted  by  a, ,  a,  resp^tively.  Then>  by  a  well 
known  theorem, 

S  S  2 
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_  «inr— a,mir — g. 


which  eKpanded,  becomes 

(cota,— ootr) (oota,— ootr)  =  eoM^rdn^ic   (1.) 

Akv  if  for  /3,  and     in  (9.  IV.)  we  put  —k  woA+k,  we  aliall  readily 
obtain  the  equation  of  the  gieat  cirde  MN;  vis. 

oot^sioSK  =  uaK+  d  ciaia^-{-aiiK  —  dcota,    (2.) 

Elinrimiting  one  of  these  cotsngent^  aa  eot  a«  fivm  (1.)  (ft.)  we  find 

cfA*a,—'icMK  — r  f      T   j:  _  0  ...  (».) 


The  diflbeatial  of  (8.),  taken  with  leapect  to  the  arUtrary  quantity  cuta,, 
gives  diocqwtion  of  tile  baaecoaaecutiTe  to  MK.  Itia 

cot  a,  a  ^.  —  ...  (4^) 

Elimiuatiiig  cot  a,  between  (3.)  and  (4.)  we  obtain 


co^  jc  (cot  ^  ■&«  — cot  ran  6)<  — eotr  cot  ^  till  2k  no  « — 0  =  (1  ^  co«c*r  co^k)  (ow*6  -ow*x)  ...  (5.) 

Eiqpond  the  vhiGahited  quantities,  and  add  (am**  ooa'  d~ain*doo^ir)oof^  * 
to  both  odes.  «nd  we  dull  find 

(OOt^OOSK  — OOtrOOvd)*  =  (oOiP  0  —  €0|F  X)  OOMI^  r    (6.) 

Or  extracting  and  transposing, 

^1      cos  T  coiO  •+■  Vcat*  6  —  0°*' ^   /7A 

^ "  oos«raar 


This  is  tlic  equation  of  a  circle,  resolved  according  to  cot  «/>  *.  Hence  the 
locus  sought  it  a  drde,  as  is  well  known  from  geometrical  considerations. 


It  may,  however,  be  readily  hmmght  under  the  more  ftmiliar  fimn  (I.  I.) 
as  ftUows.  Resume  (fi.).  expand  and  multiply  all  the  terras  by  «n*  v  tin'  ^. 

•  Sm  Natfl  (A)  at  end. 
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Hence, 

Or,  subtractiiit;  cos'  sin  -|-  cos*«-  cos*  trom  both  sides,  and  changing 
all  the  ogos  of  the  tesalt,  we  obtain,  by  extraction, 

OM^CMItCMr  +  liD^anr  «m6  =  ^OOBJC    ...  (9-) 

ienmmd  hy  AefiOoumgi 

i(,  =  0 
tanX,  s  taDraeeic 

±C08K 


(10.) 


xxvn. 

SPHERICAL  EPICYCLOID. 

Let  SN  be  the  directrix,  NM  the  generatrix,  and  R  the  tracing  point. 
Join  RO  cutting  the  circle  NM  in  M,  and  let  S  be  that  point  of  tlic  di- 
rectrix which  was  in  contact  with  M .  Put  FN  =  R,  N O  =  r,  and 
OR^f  i  put  also  SPR  =  ^,  SPN  =     and  PR  = 


Then,  ance  SN  =  NNI,  and  the  radii  of  the  curcles  of  which  these  are 
segments  are  w  siiiR  to  amr,  m  ha?e  SN  =  MN  =  A^sin  R;  and  when 
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^hogOu  of  ant  in  two  cudat  are  equal,  die  angles  aubleiideil  liy  them 

aie  inversely  as  thdr  radiL    Hence  ^  M  O  N  =  x,  " 


mar 


Now,  006  0  =  co«K±r  C08f  — an  B  zt  ^  sin  p  cosjy  ^^^|>  or 


-  =  !illIcos-Y=i^^ii±^i?^-!l^^  (1.) 

*     amR       V       aDK±ranf  / 


»  =  ^  +       —  ♦  ^  •  p-i-   > 

Eqiiating  die  values  of  x  given  in  equations  (1.)  and  (2.),  we  obtain  the 
geoenlequatioD  of  the  epicycloid;  via. 


Tfaia  equalioii  u  the  only  one  in  vriddi  the  variaiUea  are  aepanted  tiiat 
I  have  hcen  aUe  to  obtain ;  but  as  the  properties  of  the  cum  aie  neither 
nnmeraua  nor  in^ortan^  I  have  not  been  very  solidtous  to  protraet  my  in* 
quiries  on  the  auigeet  Pahap%  indeed*  it  is  vdllftr  sdenoe  that  thaseurve 
offind  so  little  to  tempt  inqniiy  in  ihe  early  period  of  mathemalieo-phib- 
aaphiesl  liistoiy»  as  it  is  probable  that  the  celestaal  maehhwry  Ptolemy 
and  Tycho  would  not  then  have  engaged  the  attention  of  astronomers  tiU 
a  much  later  period  than  they  did.  The  complex  cliarai  tor  of  the  inquiries  to 
whidi  that  system  led  in  its  geometrical  details,  induced  astranomoa  to  wish 
— to  hope — to  search  for — some  ample  method  of  explaining  the  motions  of 
the  heavenly  bodies.  The  "hannoiiy  "  of  the  elliptic,  contrasted  with  the 
"  discord  '  of  the  epirvcloid  motions,  8|)eedily  obtained  for  the  former  the 
preference  of  reficeting  minds,  even  before  any  satisfacton.'  reason  had  been 
given  ithy  it  shoidd  lu'  the  true  system.  Indeed,  the  epicycloid  system  of- 
ferwl  a  closex  uud  simpler  interpretation  of  the  phenomena,  so  long  as  tlie 
fimdamental  dogma  of  the  Ptolcmiiic  astronomy  was  admitted;  and  certain- 
ly upon  tlac  face  of  the  inquiry  this  was  the  most  obvious  and  natuj  al  li)^o- 
thcsis.  Had,  therefore,  the  epicycloid  been  a  curve  capable  of  gratifying 
KbplebIi  tiUnt  tat  analegies  and  harmonies  with  respect  to  pn^perties 
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both  numerical  and  geometrical,  \vc  might  not  have  beeu  at  this  day  in 
possession  of  his  three  celebrated  laws — ^nor,  therefore,  of  the  theory  of  gra- 
vitation— of  the  Prmdpia—or  of  the  M^cauiquc  C^J^ste.  Our  theory  of 
the  Phniet%  md  capemUy  of  the  Moon,  si^  ooiuequently  our  whole  aH  of 
navigation*  and  9sggm3m  fix  eondncting  it— 4md  heneo^  our  cominere^  and 
our  mediaiiMal  arta— would  have  been  in  a  much  lew  advanced  atate  than 
dieyiiowaie.  leitnoteaqrtosec^lliatupoiitheh^^d^lpKeofpeifeetioiiof 
the  mechanical  arts»  which  are  produced  by  extended  oommenaal  rdations, 
the  perfeetjgn  of ouriihlloMrliiflal  inatrumentadepspda  that  onr  data  for  test- 
ing  hypothcaes  alnady.  fiamed,  and  to  serve  as  oonditioiia  to  be  HilltDed  by 
future  theories*  d^ends  entirely  upon  that  eatodlenee  of  wonfananddp  which 
a  hi^  state  of  oonuneroe  alone  can  call  into  besng?  Where,  indeed,  would 
have  been  our  prMmon  in  all  the  sciences— and  what  prohahflity  is  tfaeie 
that  we  should  have  entertained  correct  and  If^ttimate  views  upon  any  one 
of  them?  It  would  be  a  curious  and  interesting  amusement  to  speculate 
upon  the  probable  state,  at  the  present  time,  of  physical  and  practical  astro- 
nomy— of  the  doctrines?  of  sound  and  light>— of  metcorolo^'— of  chemistry 
— of  electro-magnetisra — and  even  of  mathematical  science  itself— !i ad  the 
spherical  epicycloid  possessed  a  numerous  and  interesting  assemblage  of  geo> 
metrical  properties. 

There  is,  iiowevcr,  mw  point  of  viow  in  which  it  possesses  considerable 
interest — that  individuah  oj'  Um  curve  traced  on  the  surface  <\fthe  sphere 
are  capable  of  recii/kation.  The  Florentine  jmradox  proposed  to  find  qua- 
drable  portuuu  qf  thetphere;  and  it  could  scarcely  escape  the  geometers 
who  oanidend  Vitiani*s  pniiblem,  to  inquixe  into  the  possibility  of  finding 
eurves  whose  eontoun  should  be  equal  to  given  attaint  lines.  The  ques- 
tion does  not  appear  to  have  been  pubMy  haaaided  till  nune  dian  twenty 
yean  afterwaid,  when  it  was  proposed  by  M.  Ofvbnbbbo»  in  the  Leipsic 
Acts  for  171S.  I  do  not  find  that  the  propoasr  ever  oflbied  any  soiutioop 
and  it  is  probable,  either  that  he  was  not  in  possssdon,  of  me,  or  that  he 
afterwards  ^Bsooveied  the  foUat^  of  that  which  he  suppoaed  Mmself  to  have 
found  before  he  proposed  the  question.  HfiHicAif  however,  was  led,  by 
the  property  of  the  plane  epicydoid  being  in  oertsin  cases  rectifiaUe^  to  sup- 
pose the  same  thiBg  held  in  spherical  ones^  under  sunikr  draumstanoes; 
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and  he  publuhed,  in  the  fint  volmne  of  the  Fettfabing  Goiiiiiieiitariei»  m 
aMempted  demonstntioa  of  it*.  John  Bbbnovlli,  in  the  Memoin  of 
tile  Royal  Aodemy,  ITSSf*  expoied  the  &Uaoy  of  this  wuppoA^,  and 
pointed  out  the  peialogiain  eomnitled  hi  the  leaMnn^.  He  at  the  nme 
tune  gave  a  gancfal  expiewioQ  tat  the  lenglli,  and  dednood  from  it  a  parti- 
cular cise^  whidi  actually  did  solve  the  proUem  of  Offbnbebg  |.  By  a 
singular  eoinetdcnco — ift  indeed,  it  teere  reaUjf  aeddental— the  attention 
of  Maupertius,  Nicole,  and  Clairatm  t,  were  directed  to  the  same 
queitioD,  and  they  obtained  the  same  kind  of  residts.  Their  inveotigatunu 
are  printed  in  the  same  volume  of  the  Memoires  as  that  of  BERNOULLI  {. 

Wc  perceive,  by  inspcctinp  mir  equation  (3),  that  the  ciirvc  is  algebnu- 
cal  or  transcendental,  according  to  the  comnicnsiu^bility  of  sin  R  to  sin  r, 
ju^t  the  case  witli  tlie  directing  and  generating  mlius  of  the  e]>icvcloid  in 
piauo.  To  ascertain  the  conditions  of  capability  of  reetiticatiou,  we  may 
funu  the  differential  equation  of  the  curve ;  which  is  done  by  differentiating 
(3).   Thus  we  have 
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One  essential  condition  of^V^  «n  d  +  d  (p*  becoming  rectitiablc,  is, 
that  the  quanti^  under  the  ladical  shall  beoome  a  peiftet  aqnare;  and,  as 


*TlMniia«opy«riiBaicAaM't4li«aMiMiiiitart9d  ia  Joan  Bbbmoulu'c  worim, 
md.  iii.  p* 

t  Fhga  S40 :  ilw  Ub  vwki,  ToL  Hi.  p.  m 

*Min»i9VAmLl7a»»f.US.   Open  Oniiia,  torn.  iU.  p.  MS. 

^  Maupeutii  s.  p.  2r)5  Vi  I  V  p.  271 :  Clairaui.t,  p.  289.  It  n  rather  singular 
that  Dr  YouNO,  in  hia  Catalii|pii),  refers  to  tiu)  paper  of  Mavpertics,  but  floes  not  men- 
tion thoM  «f  Nicou  aad  Cuikault,  wMeh  lUlow  then  in  ths  tmm  Tvlimie.  Dr  Toimo 
maatioM  a  pspw  «i  SplMriMl  Epiqrdknds,  by  Lexell,  In  the  third  Tolume  of  the  Peters* 
biu-f^  Aci« :  but  I  Imn  00  MOMS  of  eonsoltiiif  tlnS  MtiM  of  Uiimamtf  ttoe  not  baiiif  a 
oopf  in  this  city. 
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applied  to  the  quc^tiuu  before  us,  it  rc4iiircs,  amongst  other  couditions,  that 
the  denominators  in  the  two  terms  which  compose  the  value  of  <^  ^  m  equa* 
turn  (4)  shall  liMome  idmtifial*.  Thb  k  qdte  indqiieiMiMt  «f  cnife 
twmg  dgebtue  or  tnuwoeDdcntal  (thnt  i8»  aa  hefore  stated,  independeDt  of 

the  ratio  of  sin  R  to  siur),  by  making  f  =    which  reduces  the  expica- 
to 


nn  B  cox  Rztr  —  »in  r  nn*  <f> 

gin  K  I'in  </>   ^^^^  ^f^y 


Inserting  this  hi  ±^  sia*  (p  d  6*  +  d<p*t  \re  ohtain  tine  clement  of  cpi- 
eydoidal  arc 


.smdxUh     /rin* r «n* +  sin^ R  —  2 sin  R  sin  r cos R±r  ... 

The  ndieal  of  (6)  can  only  hcoome  latknal  when 


8sinRsiarcosK-(-r  —  sin'R  =  sin'r  cos'Kitr  (7.) 

Thli  dmdea  itadf  into  two  cases,  which  must  be  conaidefied  iq^tdljr* 
namely,  aeeoidiiig  aa  R  ±r  or  R—>r  is  taken. 


1.  TakeB-hr:  then  expanding  and  reducing  with  reject  to  dnR, 
wehanre 


•  Perhaps  it  would  hp  morp  ncearate  to  «ny  tin-  »in'-  vhnnld  hi-  -t  rrnilfrpfraf  thn  othtT 
by  m  amttaM factor :  bat  it  will  be  foun4  that  thi»  iuiroJuc^s  a  i:«iu|jlexity  into  the  ex- 
pwMiea,  wliidi  is  ftlsl  to  tbs  ttbrnqmUnOkfiuJimfianvltiiM  fowral  farrn^  <br  the  wc 
The  result  of  such  a  supposition  is  an  hnagimtry  ijuadratic.  Howerer,  a«  upon  this  hinges 
the  only  (joiibl  respci  tin^  tlw  gcuf-ral  <  (iTirliioinn  in  tin-  Hiifi^ti-qiMBS  tnvcttjgllknf  I  sksH 
eot4^r  iipuu  it  with       requisite  detiul  on  »oiuc  tulure  occasion. 
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^  "  (1  +     r)*  q=  «  (I  +  an*  r)  imr  cwry  —  1 
vMSk,  bang  imaginary ,  shows  that  no  mdi  idatiflii  cm  enat 

%  Take'R— r:  then,  after  xedndng  ia  the  unial  nuamer,  we  tnd  the 
xdadon 


which  diews  that  the  said  eoodUtkni  U  IhUUedhy  arcs  whidi  aie  dther  equal 
or  supplementary.  Btttif  wepatthishi(5%wetha11bKreil0=A;  V — I,  whieh 
ahowB  (hat  d  $  doea  not  mm  depend  upon  0  or  iti  differentiali^  and  hene^ 
that  the  length  of  the  epicycloid  is  not^mlAtf  cow,  a  foneljon  of  0;  as  in- 
deed we  know  it  dhould  no^  ^  beuig  constant^  while  $  is  variaiiie.  In- 
deed, if  we  put  this  value  in  (6),  we  find,  that  whilst  it  fiiUilstiieeonditians 
imposed  upon  it»  vis.  the  oondition  of  eqnatum  (7)«  it  also  renden  bodi  the 
numerator  and  denmninator  of  the  ivdicRl  in  (6)  inufginary,  indicating  that 
contndictorir  eaadititniB  have  been  introduced  amongst  the  data:  and  we 
readily  discover  that  the  contradiction  is,  the  supposed  dependence  of  6 
upon  fp,  whilst  sin'R — sin'rzrOt  Tliis  result  was  neoessaiy,  in  order  to 
fully  indicate  all  the  circumstances  of  the  inquiry,  as,  bad  the  second  side  of 
(t)  merely  vanished,  one  should  have  inferred  (Intimately  too)  that  0  was 
constant ;  tliat  is,  it  would  have  indicated  an  error. 

All  attempts  to  nrroTniilisb  this  object  by  means  of  a  relation  between 
R  and  r,  therefore,  taiinif^,  we  are  led  to  consider  tlie  only  |>ossible  way  in 
which  it  might  be  effectetl, — that  is,  hv  eonsiflLnng  li  and  r  as  independent 
quantities,  or,  in  other  worcis,  taking  s-onie  hxetl  value  of  one  of  them,  whilst 
the  other  is  perfectly  arbitrary,  wliich  would  fulfil  the  conditions  wc  have 
been  seeking  for.  To  perform  this,  we  have  only  to  expand  (7)  in  terms  of 
some  one  Amction  of  R,  and  agun  in  terms  of  some  one  function  of  r.  We 
shall  thus  get,  eonridcring  R  the  arbitrary, 


(11) 
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8inV(5  8in*R+  2sm»R  — l)  +  anr(8in*K  +  4  8in<  K) 
fcrB  +  r,  J  +  8m«r(78Ui<a— «Mn*a+ l)+8m»r(8sm*B  — Ssin'R) 
+  atB«R=;0.  (12.) 

fof  R—r,    sia^  r  —  2  sin'  R  sin*  r  +  sin*  R  =  0  (13.) 

Now,  that  the  proposed  object  may  be  attainable  at  all,  ire  must  bafe 
one  of  the  following  sets  of  conditions  fulfilled. 


.FhNM  eguaUm  (10.) 
0  =  ma*  rmfir 
0 
0 


='mfirtoifir  

sanrcosra+tin'r)  I  (14.) 

=  (1  +  Bii^ r)»  {(1  +  ria^r)" +4  rfn»rcot»r)  ur,  J 


From  equation  (11.) 

0  =  cus'*  r  a. 

0=  oos^raiii*r  


.(15.) 


Prom  eque^km  (18.) 

Osffwi<R4'S«i^B— 1  

Os4ib*B+dn^R  h„ 

0=7sin«R— SBin«B  +  l  .c^ 

0's8nn«B— WR  d„ 

0=«io*B  !  i^, 


J>hMieg«MitifMi  (14.) 

Oel  

Osffll^R  

Osran'R.  


^\  m 


In  the  set  (14),  equation  a,  is  separately  fulfilled  (and  fulfilled  cUtme)  by 
an  r  =r  0,  and  co«  r  =  0. 

Equation  hj  is  fulfilled  also  by  each  of  these:  but  equation  is  not  ful- 
filled by  cither  <£  them.  Hence,  so  long  as  in  the  spherical  epiqnslioid  m» 
employ  R  4<  r,  there  is  no  value  of  r  that  ^itill  leave  R  arlntitty,  and  yet 
fulfil  the  ooodituniB  nquirad  to  render  (6)  latiaiML 

T  t£ 
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In  tiheKt  (15),  both  equatiinn  a,,  snd    an  fiiUUled  by  Uie  ft^ 

It 

€osr  =  0,  orr=:g. 

Therfukenee,  im  <jKt  ease,  a  pou&UUif  ^raHamBdng  eguatwn  {(B), 
wUlil  R  remain*  perf^Sy  atbUrary.  Here^  die  dement  of  fhe  Imglli 
«f  the  qpicydoid  ii 

This  is,  in  fact,  the  sohitioii  ot  John  Rr.Rxoni.i.i,  and  agrees  with  Ids 
result.    We  sliall  return  to  tlii:*  expression  presently. 

In  the  set  f7  6),  wc  have  equation  fulfilled  only  bysinRrrO,  or 
R  =  nx;  nnti  b^,,,  c/^,  are  also  fiilfilUxI  by  the  same.  But  a^^^  and  are 
not  fulfilled  by  that  value  of  11 :  and  hence,  on  the  hypothesis  of  11  -}-  r 
being  takeut  r  cannot  be  rendered  indeterminate  by  any  value  whaterer 
of  K. 

In  the  set  (17).  too,  we  have  the  absurdity  1=0,  given  by  equation  a„. 
This,  then,  is  also  impossible. 

Ilcncc  Kc  have  proved  that  Jous  Bernoulli's  is  the  only  solu- 
tion possiblCt  of  finding  a  spherical  epicycloid  accurately  rectifiahle :  so 
lon^  at  all  erents^  as  liie  tndi^  pdnt  is  in  die  periphery  of  the  rolling 
ciide. 

In  the  numerical  evaltiation  cC  the  integral  of  equation  (18),  we  have  t» 
Kcot  to  some  oondderationt  lespecting  the  oonditioDS  of  the  ftrmation  of 
(11,  IS,  IS,  14).  It  mil  be  recollected  that  these  are  the  expanaons  of 
oos  R±r,  in  which  we  have  worked  as  if  R  wete  the  greater  ladius-ve^ 
tot^  or,  in  ofhor  woids,  as  if  the  diicetion  were  the  tio|iic  nest  renotefioni 
die  pole  of  refieience  P.  But  as  the  resultB  of  all  the  operations  we  have 
hidierto  perfemied  are  die  same  as  if  we  had  employed  oos  R+r  instead  of 
cooRdir,  our  condu^onsaiply  equally  to  one  case  aa  to  the  other.  We 
may,  however,  ooodder  that  the  above  expression  (18)  ia  adapted  alike  to 
both  C8se&  The  double  agn  attached  to  (18)  indicates  that  the  kogth 
may  be  estimated  dther  way  irom  the  <nigm  of  the  arc,  that  is,  the  same 
way  as  we  have  esdmated    or  the  reverse.   Put  die  lengdi  =  L:  then 

*^'=L.  (19.) 


Digitized  by  Google 


traced  upon  the  Sw^fbee  ^  the  Sphere.  Sjl9. 


TT 


Now,  whether  K  be  greater  or  less  tlian  we  have,  when  ^  =  11,  the 
length  «sO }  fiir  that  is  the  point  which  we  have  taken  as  origfai.  Hence 

and  we  hav^  finally. 


now,  bstead  of  coniddering  the  curve  as  xefiated  to  polar  oo-oidi- 
natec,  we  transfonn  it  bto  a  lectuiguiar  efjuation  le&ned  to  the  eqintor; 
then  we  ihaU  have  (liO)  oonverted  into 


*(^^=^^")=i™  -(«•) 


If,  also,  instead  of  eonadering  the  origin  to  be  at  the  pdnt  of  contact  of 
the  qHcydoad  with  the  tropii^  we  had  taken  it  as  the  intersection  with  tiie 
meridian :  then  when  ^  s  0,  we  should  have  L  »  0,  and  hence 

C=rO. 

aud  the  lengtli  of  the  cur\'e  would  simply  be 

=p^=''  («) 

The  length  of  the  curve  estimated  from  the  e<jna1or,  then,  varies  uith 
the  sine  of  declination  of  the  corresi)OvJing  point  in  it ;  a  property  s<» 
sjiigidar  ill  the  estimation  of  Bi.uNouixi,  that  he  did  uot  think  auother 
curve  could  exist  having  that  property*. 

The  equation  (3),  on  the  hypothesis  of  r  =  p  =     '^^  traosiormed  into 

dnDR  =  oor-'  ^^'^^^  riaRcor-'cot^taoR  (88.) 

This  curv^  then,  is  generally  a  transcendent  upon  a  ^herical  sur£Me^ 


*  Viie  Bern.  Op.  om.  ni.  p.  S88. ;  or  Mfan.  do  I'Aad.  1788,  p.  884.   The  •tBtemtnt 

above  of  tlif  projMTty  not  exactly  in  form  the  ?ariio  as  that  jfivon  hy  Bi:RNotri.i.i.  H» 
call.s  thtr  "  ahscis-iii"  lli<'  vorscd  sine  of  tlie  arc  of  tlie  rollitiff  <:ir<h'  v,'a\i  'i  fi  t-s  already  been 
ta  oooUm^L    TliLi  venod  sioo  u  iu  lltc  pUatc  of  Uto  cirde  iueii,  aiid  theretore  i»  to  tlw 
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(that  i%  it  is  A  (muoendent  in  die  nme  caan  as  the  pime  com),  niil  yet 
has  unexpected  property  of  being  lectiliable:  bat  it  li  by  no  mens  a 
angular  cabe,  fat  iunumeraUe  curves  may  be  traced  on  a  ipbeie  combining 
the  two  |iioperUes.  The  geneml  condituw  of  fectSBeationy  indeed^  inTolves 
an  arUtraiy  function,  whichemr  of  the  variables  be  diminated;  and  benoe 
it  is  easy  to  see  that  the  property  must  be  a  very  extendve  one.  I  cannot» 
however,  enter  into  details  her^  bat  shall  reserve  what  I  have  to  say  so  this 
topie  till  a  future  oocasifm.  ^ 

iVoted— The  most  scimtific  geometrical  view  of  the  spherical  epicycloid 
has  been  given  by  Hachette,  in  the  Correspondence  of  the  Polytechnic 
School,  vol.  ii.  p.  24. ;  in  his  supplement  to  the  Descriptive  Gcomctr)'  of 
MoNGE,  p.  88. ;  and  in  liis  own  treatise  on  the  same  subject,  p  159.  It 
might  also  be  mentiQne<l,  that  ClairauLT*  has  exhibitetl  quatlrable  por- 
tions of  the  spherical  epicycloid;  and  that,  did  our  limits  permit,  wc  might 
effect  the  same  \ery  clc^ntly  by  our  own  methods.  It  is  not  necessary 
here,  however,  to  disuui>&  that  question. 

xxvm. 

THE  SUITS  VERTICAL  PATH  OVER  THE  EARTH. 

An  eiegsnt  pniUent  was  proposed  by  John  BfiEtfOuixf  in  1799, 
which  has  a  dose  analogy  to  diis  inquiry,  a  solution  cf  whidi  we  shall  set 
down. 

WTtat  is  the  path  of  the  vertical  pn/jcct  ion  of  the  sun  upon  the  earth's 
surjace,  supposing  the  svn  to  move  round  the  earth  in  a  circle  with  an 
equabk  motion,  and  tfu:  earth  itself  to  be  a  spftere  f 


sine  of  the  declinnt'ion  as  sine  doclinatiou  U  to  radius.  Making  these  transfonnatioBH,  the 
remit  I  hare  given  above  will  be  found  identical  with  BfiANOliliU'fl,  tbougb  ob<Mii«d  by 
•0  eonpleldy  dUfemiC  a  fmaeti. 

•  •  lttiB.dfll'Aaid.dM  SaiM.  17SS,  pp.  298^ 
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Let  EQ  be  the  equator,  P  its  pole  ;  SR  the  ccliptif^  and  M  its  pole. 
Refer  the  wbdLe  F}-stcm  to  tlic  equator  and  the  meridian  thnmgh  thetrapie 
of  Capricorn.  Then  S  in  PM  is  that  tropuv  sod  PM  is  the  messnie  of  ^ 
indiiwtkm  \  of  the  ecliptic  to  the  equator. 

Fio.  SS. 


The  equation  of  the  ecliptic  is,  then,  if  SPR  s=s  $,  and  PR  =  <pt 

cot0,=— UnXooa  (L) 

Bat  if  SR = X    SMB.  we  hM« 

«o»SRBCH8PoMPR-|-dn8PimPRooaSFR»  or 

ooix= — coa^.MoXH'CMA.ni^^ooid^  

orx=:«o<-*{— ooi^,KBX  +  eaiXiin^,«M^J  


But  in  the  present  ease^  if  0  be  the  ecMndinatss  of  the  euire  son^t, 
we  have  ^s=^,,  and  hence  from  (1)  we  have  oosd^s—oot^eotX^,  and 
this  put  hi  (S),  ffnn 

X  =  oor^  { — co3  0diLX«eNXam0  cot^cot  \} 

■   (*) 

Bat  if  n  express  the  ratio  of  the  earth's  anguhur  vdodty  upon  its  wds 
to  its  angular  T«3oeity  about  ihe  son,  we  abaU  hsTO  9=:  wMiA,  inserted 
in  (4)k  gives  us 
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castas— BOXCM  id.  (fi.) 

The  equation  of  the  ciure  is  thus  fouud  to  be  verj'  simple :  and  it  may 
be  further  remarked,  that  if  \  =:  ^»  it  becomes  the  equable  sphexical  spkal 
already  considered.  For  then 

whidi  differs  from  the  equations  ah-cady  finind  only  in  being  referred  to  a 
dilferent  orig^  either  of  </>  or  6.  We  may  consider  it  to  refer  to  (p  met^ 
flured  fixni  the  opposite  pole,  or  to  0  measured  from  the  opposite  meridian. 
In  our  equation  of  the  cird^  too»  the  same  result  is  indicated,  ami  we  might 

therefore  look  for  it  here. 

The  equation  (5)  ^iww  above  may,  indcctl,  be  considered  as  the  most 
general  form  of  the  cqtiahlc  spherical  spiral,  and  from  which  all  the  parti- 
cular cas('^;  the  spiral  of  PaI'PUS,  the  oval  wiudow  of  Viviam,  ki'.)  may 
be  at  ouce  dcnvttl.  I'he  discussion  of  the  question  under  this  aspect  might 
be  interesting,  but,  after  the  detail  into  which  we  have  already  entered,  it 
is  not  necessary  to  do  it  here. 

XXIX. 

The  proposal  of  thi;?  ctir\  e,  however,  originated  in  a  mistaken  anal(^' 
between  this  eombinatiou  of  motion  and  that  which  prodiurs  llie  splierical 
epicycloid*.  About  the  same  time,  MAUi  ERTiusf  proposed  and  off'erral 
a  solution  to  a  problem  having  some  similarity  to  this,  \  '\7..  to  find  that  me- 
ridian on  the  celestial  sphere,  where  the  motion  in  right  ascension  and  in 
loDgitnde  \anz  a  given  ratio  to  one  aaotiier;  and  it  had  been  diseassed  sl- 


■  Mem.  de  TAcid.  \lii-2,  p.  245 ;  or  Opera  Omaii,  tooa.  iii.  p.  226. 
t  Mte.  dt  rAnd.  1788,  ft»  957-8. 
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wtidy,  in  llie  CMe  of  a  mtb  of  equality  by  MM.  Paumt*  md  GoDiNf , 
M  it  haa  «bo  been  If  vmt  m&um  who  have  mitten  on  mdi  enijjeeti  anoe. 
The  ibiknriiig  aohitifln  ii  ^Kflbien^  I  think»  ftom  any  tkithave  jiceedfid  it; 
and  ^atgni^  it  mf^t,  in  lome  pointB  of  tIoiv,  be  deemed  veiy  etanentary, 
yet  aa  it  ia  ahor^  it  nd^  not  be  impraperly  intioduced  here^  as  atnother 
apedmen  of  tlie  meUiod.  It  may  be  icmaifced.  that  GootM  pro&nei  to 
M^ffffma^  with  the  difibential  cakuloa ;  but  he  doea  ao  on^  in Jomtt  as  the 
elementary  spherical  triangle  is  in  teality  tile  one  diot  is  employed  in  hia 
method  "  par  les  If^nments  Petiur 

The  ciidca  being  i^veaented  aa  above^  we  have 

coaxsr-^m^iinX-f  «otXMn^ci»0.  (1.) 

«ot^=— tanXcoad  

ndB  =  dx  (&) 

The  fint  of  theae  is  the  expraarion  fixr  tiie  aic  of  the  eeliptie  inteieepted 
between  llie  first  point  of  Catpiiooni  and  n  point  in  the  ed^tic^  whose  eo- 
oidinates  txt^B.  The  second  ia  the  efiuation  of  tiie  ediplic^  xdEened  to 
the  equator  and  winter  eolvie;  and  Ae  tiiiid  it  the  fptm  idation  between 
tfao  Tdodties  of  die  sun  in  light  aseennon  and  lodgitnde. 

From  (1>  8)  we  get 

=   

•adhaaoBd;^*^^-^^^    W 

Diffetentiating  (2),  we  find 

«i0Vii»k—oqa«^    ^  ' 

Luertiog  (5,  6)  in  (8),  we  get 

sin'(/)  rsWCOsX    (7.) 

whidi  gives  the  n  rtli  pulur  ilistance  of  the  sun  at  the  time  in  question,  and 
agrees  with  the  results  obtained  by  other  methodsL 


▼OL.  ZII.  PAXT  I.  (J  U 
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ICambiaiiig  <7)  mth  (4)  md  ive  get  Ae  son*!  dktanee  fiioni  tiie  tn»* 
pie  of  Cftpneoni»  and  facnce  ftomlliebcgiiiiiiiigef  Aneo;  aiidlikemnlib 
ijght  ftaoenrian  «t  the  time. 

XXX. 

THE  LOXODRQME,  OR  RUUMB-I4NE. 

Tliece  is  no  one  conre,  perlia|Mi»  in  the  whole  compnn  of  liiat  infinite 
veriety  which  ptewnta  itsdf  to  vm,  wluch  ponenes  lo  many  inteiaUiig 
daims  upon  the  atteotion  of  the  epeenhitiTe  and  the  practical  nudhemala- 
daa.  The  tint  m  aUpinliahifitf  that  waa  made  tiieolyeet  of  oonaidem 
and  hiqniiy  iqion  the  miftoe  of  the  ifihere,  and,  occqpt  the  oonic  aeetion% 
iqpon  any  curve  surlface  whaterer  capahle  of  very  simple  and  direct  investi- 
gationf  and  well  calculated  to  mggest  to  the  mind  the  natme  of  analytical 
geometry  on  the  sphere,  sudbt  as  we  have  here  considered — a  curve  of  tiie 
very  gveatest  importance  in  the  practice  of  navigation,  and,  therefore,  upon 
which  the  commerce  of  the  world,  and  the  comforts  and  luxuries  of  civUisotl 
life,  in  a  great  degree  depended — a  curve  possesscil  of  a  long  train  of  curi- 
ous geometrical  properties,  well  worthy  the  attention  «)f  the  ucoompli^hcd 
mathematician,  yet,  from  their  simplicity  and  elcganoe,  well  adapted  to  dis- 
cipline the  mind,  and  cidti\  ate  tlie  taste  of  students  less  ;ulvancc<l  in  this 
kind  of  speculation — and,  iinally,  a  curve  upon  the  iuvestigatiou  of  which 
many  mistakes  have  hccu  made,  and,  in  some  cases,  even  by  matheniaticiaus 
of  no  humble  pretenaona. 

It  ia  not  my  intention  to  enter  largely  into  tiie  diaeuHion  in  the  praaent 
paper,  aa  it  would  require  one  or  two  prdinunaiy  theorana  eMteeming 
qtherical  cnrvatme^  which  will  ftrm  part  of  a  aubaeqnent  diaaertation,  to 
give  the  inquiry  all  ita  efibot;  uevertheleM  I  ahall  disenai  a  lew  of  the  mote 
obvious  praperdea  of  this  eorve,  dion^  rather  with  a  view  to  exhilut  a  few 
additional  appHeations  of  the  method  of  apherical  eo>oidinatmb  than  to  ex- 
hanat  the  inquiry  of  ita  mtereat  to  other  matiienialidana.  In  the  coutie  of 
the  present  session  of  the  Hoysl  Society's  sitttngq,  it  is  not  uupnbalde  I 
may  be  aUe  to  funiah  a  oontinualifln  of  the  solgeet  genemUy. 
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XXXI. 

The  loxodmmc  cuts  all  the  meridiam  under  the  same  given  angle— ^ 
required  its  sphericcU  equation. 

Let  P  be  the  pole,  EQ  an  clemeut  of  tlic  cqiiat  n  comspoiiding  to 

EP,  PQ,  the  meridiaiM  pMnng  through  the  extremities  M,  N  of  au  ele- 

Fic.  24 


ment  of  the  enrve.  Let  MP  ^  <p,  and  the  longitade  of  M  fiom  flome  fixed 

meridian  =  Then  MPN  ^  dd  ss  EQ,  and  RN  =  Hence  we 
have 

MR  =  Eg  COS  EM       sin  (/;  f/  0    (!•) 

But  con<;i(lering  the  ultimate  elements  of  the  arC8  whidi  £ann  the  elemental 
triangle  MRN  as  straight  lina>,  wc  have 

where  a  —  MNR  —  W^/i  of  tiw  ilnmb. 
From  (2.)  we  hftve 

dd  tOita  s  d^  •  ooNc^ 

or  integiatinft 

logtaa^^  =  0  .cottf+e    (S.) 

The  value  rf  C  will  depend  upon  the  meridian  which  we  select  as  the 
origin  of  ^,  the  most  natural  (and  the  most  convenient  it  proves  to  be)  is 
that  where  the  loxodromc  cuts  the  equator.  This  gives  as  simultaneous  va> 
lues  of  the  vanities 

0  ■  0,  and  ^  s 

U  u2 
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Hence  we  have  log  tan  ^  =  c;  or  ance  tan  ^  =r  1,  log  tan  ^  =  0,  and 

eqnatioa  (S.)  beeomes  amply 

kgtui^  =  d.cota    (4.) 

Tills  equation  may  be  lendeied  move  canfenieiit  ftr  BabNqiWDt  imterti- 

gatioii  iu  some  other  fonns. 
Take  log"'  of  both  sides,  then 

(where  e  is  the  liyp-basc,  and  k  =  €«<»*•). 

Or  Bqiuoiig  both  side^  and  expema^  tan*|  (/>  in  temwof  oM^itbeooniee 
Or  lemnng  this  result,  we  bare 


«oe< 


doA  a  ±r-^^  =  ±  ?   ... 


ltt^=:±Ji^l_  a±^^   ...  (7.) 
And  80  on  with  other  functions  of  the  spherical  radius>Tector  tp. 

xxxn. 

We  proceed  to  ascertain  the  course  of  the  curve,  which  the  equation  en« 
ables  us  easily  to  pcrfiwm. 

Tlwdbeofldoii  fivideB  HedUT  mtunlfy  into  two  eiH^  aeeotding  as  eota 
is  pontive  or  negative,  that  ii,  as  a  itself  is  greater  or  less  than  a  i%kt 
angle.  We  ihaU  keep  the  two  cases  on  the  same  filio^  ofipoaed  to  one  an- 
other, lor  die  sake  «f  nuie  ready  eompaiisoa.  Moreover,  aa  the  vsriaUe  ^ 
is  eipiessed  by  means  of  its  tangent^  there  ar^  fiw  eveiy  value  of  5^  two 
pobta  ia  the  locns,  ^ametrieally  cffiodte  to  one  another  en  the  nSiere,  and 
henes  fie  dull  lint  tnee  that  wiiidi  is  ^ven  by  the  least  value  of  ^  We 
dudi  also  tske  a  only  with  fint  and  aeoond  i^uadraats,  as>  by  taking  it  in 
the  thurd  and  jSntth,  we  only  get  a  repetition  of  the  same  an(^  (measured 
in  the  oppodte  durection,  it  is  true,  but  upon  the  same  greatnarde  tangent 
to  the  cun  e),  and  hence  only  a  repetition  of  the  same  results  as  are  ob- 
tained fiwm  the  fint  and  seoond.  The  value  of  0  s  0,  is  placed  in  the 
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middle  of  each  oolumQ,  and  we  poceed  upwards  and  downwards  fttm  it  to  the 
cKtieimtiei  of  Hs  poiriUe  nluea,  vi& +M  aiid  —  m£t  cff 

Tlie  eqmtaon  of  the  iMKodioine  IB  Iqgtan^^  3  tfoola;  and  aitben- 
ndtiif^Tenmtan^,  fhe  primaiy  aiid  woondaxy  InudieB  ar^ 

oppodte^  or  Uie  generis  is  of .  tfie  corneal  kind.  In  what  IbDowi^  let  m 
denote  any  raal  poritiro  number,  eidier  whole  or  ftaelkiia],  lational  or  iixa- 

tknal ;  and  let  k  be  any  angle  less  than  ^.   Then  for  the  case  of 

a  s  or  a  =        It^  nehaTecotet  s  +i 

Fm.  tff.  ^p^sa) 


Continuing  the  same  hypoth^sie^  with  the  exception  of  what  relates  to  a, 


let  OS  put 


Y 

0 

•  The  ooninon  fonn  «t  dM  9pJM  of  lafinity  m  open  to  Mm 
1^0MVi»  is  Uf  IMm  M  HMi,  sod  b  hb  pMihnim 


the 


rign  wd  Bignification  of  tliat  qaantity.    It  hu  too,  sonit 
ti«M,  wUA,  Wmrar,  U  wonU  be  liN«i«a  to  o«  ndgeek  to 
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6  = 


tMMVLtt. 


1 
0 


-I 


log  tail  i  0  =  —i 

.-.  tan  I  </)  =0 

(p  =  0  primary 
■  <p  ssV  secondary 


.*.  tan  i  ^  ^  1 ; 
-5- secoDoarjr 


log  tail  1  0  =  0 
tan  I  </>  =  1, 

«^  =  5  primary 
ip  = -  leoaiidflrjr 


} 


.'.  ton^^^l;  «ii4 
TT  ^        —  pnouiy 


{ 


(p  ■=z'ir  primary 


J 


UiVSASNCBS.    (t'ig.  36.) 


The  primary  branch  of  negative  re? duckia  posses  through  P, 
and  then  meets  the  aecondery  bcuch  of  poatiTe  revolution. 

The  scccmdary  branch  of  negadve  mdnlioD  |MIM  thiDugh  P, 
and  there  meets  the  foaac^  fanndi  of  pmiliTB  iwrolutkm. 


The  priuaiy  bsaocii  of  n^gatiTe  vevobtkn  » 
iiDi  of  polar  diataaoe. 

The  secondary  branch  of  nega^  feToluA»  it  m  the  <hild 
quadnuit  of  polar  distanoe. 


The  primary  branch  of  negative  revolution  has  arrived  at  the 
origin  of  revolution,  and  the  tracing  point  is  in  the  equator. 

The  leeoiidaiy  branch  of  negative  revolutMn  haaanivod  at  the 
opponte  meridian*  and  the  tndng  point  it  hi  the  equator. 


The  primary  branch  of  positive  revolution  is  in  the  second 
quadrant  of  pohrdisiaooe;  and 


The  aecoodary  hnuwh  of  poMtive  revolttdon  &  in  Ae  fourdi 
quadnnt  of  polar 


The  primary  branch  of  positive  revolution  has  arrived  at  the 
opposite  pule  V,  where  It  unites  with  die  aeoondarir  bnndi 
of  nc^tivo  rendotioo. 

The  secondary  bnincli  of  poeiuvc  rcvuiutiou  has  arrived  at  the 
upper  pole  P,  Hrhere  it  wntca  with  the  prinaiy  Inaneh  of 
negative  fevt^tion. 
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SXtOtTS. 

IttniXlKSl.     (F|»  ML) 

1 

0 

The  piiioaij  btancfa  of  negative  revolvUon  has  arrived  at 
wltere  it  umtBi  irilh  the  •eemid«i7  bnncb  of  pootife  mo- 
lutkn. 

(  <p  =  'rr  primary  ) 

1 0  =  2  T  secondary  J 

The  secondary  branch  of  negative  revolution  has  arri%*ed  at  P, 
where  it  unites  with  the  prioMiy  branch  of  positive  revdutioo. 

—1 

M 

tan  1 0  =:  4- 1 

Tile  pnoMny  bnuMb  of  negMive  leydution  b  now  in  Ae  t»> 
flonA  qiudnnt  of  pilar  diftuGe;  and 

\sLv:^4>:p'^  teoandarvl 

The  secondary  branch  of  negative  revolutiou  is  in  the  fourth 
quadrant  of  polar  diBtuoe. 

0 

log  tan  ^  ^  =  0, 
.-.  tan  i  0  =  1,  or 

Tlio  pnTTinrv  bniiuh  of  negative  revolution  has  nrrivwl  at  thi' 
origiu  ol  rtivolution,  and  the  tracing  poinl  is  in  the  o^uator. 

<^  =  ^  fnnniy  \ 

(p  =  ^3  womdary  j 

The  aeccMidaxy  branch  of  negative  revolution  has  arrived  at  the 
oppotite  mendian,  and  the  tndng  point  is  in  the  equator. 

+i 

tn 

>  i  A      1 "  And 

The  primary  branch  of  poadve  revdtttion  is  in  tbe  firrt  quad- 
rant of  polar  diatnm;  and 

The  $c-condnry  hruncli  uf  podliTe  levolutlOO  is  Itt  Ae  third 
auadmnt  of  revolutim. 

+  5 

0 

logtani^  =  — • 
.'.  ten  i  ^  s  0 

The  primary  branch  of  potMtive  involution  has  arrived  at  P, 
nnd  there  unites  with  the  seoondaiy  bnnch  of  negative  le- 

voluUon. 

(0  =  0  primary  ) 
i  ^  s  V  tRioodarjr  J 

The  seeuadary  branch  of  positive  revolution  is  arrived  al  f  , 
where  it  ueites  irith  the  primary  branch  of  negative  icvnlutkm. 
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It  leqiurei  Imt  a  momentTs  nfleetka  to  ihew  that  these  two  tiibles  le- 
iseeent  curves  peffedly  equal  in  all  respeefa^  Imt  rercned  in  pontku.  If 
wc  cause  the  sphere,  upon  wbidi  cot  a  s  is  tiaoed,  to  tnm  upon  PF 
half  a  revoltttk»>  and  then  to  turn  upon  the  diameter  perpendiculaT  to  the 
plane  of  the  paper  half  a  revolution  also,  the  whole  qrstem  wiU  become 
identical  with  that  represented  in  the  Bgure  to  cot  a  =  4><,  provided  •  have 
the  same  numerical  value  in  both  cases. 

To  state  consecutively  tlie  course  of  tlie  nm  e,  then,  let  us  confine  our 
attention  to  the  former  figure  (25.)  and  its  n  rn  sjii  riding  analytical  tnljle. 
Departing  from  0  in  the  negative  direction  ^tliat  is,  to  the  left),  the  curve 
winds  round  the  pole,  an  infinite  number  of  times;  after  which  it  passes 
through  the  pole,  making  witli  the  first  meridian  POP'  the  same  angle  a. 
It  then  winds  roimd  the  pole  F,  in  the  positive  direction  (that  is,  to  the 
right)^  and  departing  farther  at  each  turn,  cuts  the  equator,  in  a  point 
dkmctiically  opposite  to  O.  At  ^dm  pomt  its  diieeticiii  of  revoluljon  be- 
comes negiliTO  again,  and  it  proceeds  into  the  otfier  hemisphere,  passes 
through  F'  after  jm  infinite  number  of  drenmvoltttions^  and  retains  by  the 
positive  diiection  round  the  pole  through  the  extent  of  llie  same  lower 
hemisphere  till  it  anim  at  ^  erigin  O,  where  it  ooalesoes  with  the  blanch 
along  which  we  set  out  The  eoune  of  the  curve  it  therefbre  complete 
assigned* 

We  arc  thus  enabled  to  answer  satisftctorily  a  curious  question  that  was 
much  agitated  by  the  earlier  writers  upon  nautical  sulijects;  viz.  "IVhether 
a  shy^  bjf  tailing  on  the  same  rhumb,  toould  ever  return  to  the  place 
from  which  it  set  out?"   Dr  Wilson,  in  his  History  of  the  Rise  and 

Progress  of  ^Nari^tion*  tells  tis,  that  Mr  John  Bassat,  in  a  post- 
humous work,  publishetl  about  iCr^O,  established  this  prop(mtion  in  tbr  af- 
firmative. Though  I  have  long  sought  for  that  little  work  ("  Patlnvnv  to 
Perfect  Sailint^"),  I  have  sought  in  vain ;  and  am  tlierefo^  unable  to  give 
any  account  of  the  manner  m  which  Bassat  has  poformed  this  uuder- 


*  Prpfixpd  to  Robertson's  Navifnttion.    Tht  IWMIlfc  it  in  IIm  l09(>O0to  at  pi  XVy  xrit 

of  Waicg's  edition  (or  fourth}  of  th»t  world 
1 
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tokiiig.  I  ihouU  tbiok  &  s  tMk  of  aoine  diffleiiltjr.  u  the  thai  atite  of 
nurthcinstieol  icittigfe  Howorar  duo  nuqf  tlio  point  ii  fidfy  ortoblulMd 
in  the  present  srtiele ;  and  we  see,  thot,  in  order  to  letum  to  the  ome 
pointi  the  dup  mnit  pais  thnN^  lioth  poleii  and  nuke  two  BoooeadTe  setSy 
eadi  of  an  infinite  number  <rf'  ooDToIutioiM  round  each  of  thoie  pdoa^  befime 
it  retonu.  We  need  not  puraue  the  oulject  farther  hen. 


xxxm. 

To  find  the  frqjeetkm  <jf  the  loaBodrem  im  a  plane  paraiid  to  the 

equeUor, 


By  (XV.  2.)  we  have  the  vahie  of  v,  the  radiiLs  vector,  in  terms  of  ^, 
and  the  constants  of  the  projwtitig  data ;  and  by  (XXXII.)  we  have  the  , 
value  of  ^  in  terms  of  B.    Cumbiuiug  these  two,  we  have 




/ 

/s  \  T 

I  c 

B 

Or. 


(2.) 


*  1W«  iitlw  general  e^pMio»«r  Comsat  vMi:  Vok  M  U  dOM  Ml         «f  tfc»  Ho 

loM iksi—     '  the  sixth  species  cannot  be  formed  from  the  rhnab Kn \ff  pvo« 

j<M->inn  nn  n  pliinr  ;it  ri[rht  »iig1es  to  th<>  iirls  of  projectMlb    AH  tlw  Ottwtt  — I*    6w  «IM 

Htobr-  s  Uvomwtry  of  Three  Dimenaiuus,  p.  136. 

VOJL.XII.  PAill  I.  XX 
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Mr  Da  VIES  on  the  Equatimui  of  Loci 
We  ahaU  tdw  •  &w  wurlicultt  cvei  lor  iUiMtntion. 


Imo,  Let  £  =  0 ;  that  is,  let  the  fm^ection  beoome  the  ]^ne  the 

equator. 

Then  (a).  Let  the  projecting  point  M  coincicie  witii  c,  or  the  projection 
he gnononic ;  wc  shall  have,  in  thib  case, 

v-^     9axo  ;  =  ±iiif.ori-  =  a    (S.) 

agreeing  with  what  we  Icnow  ought  to  t^ike  placp,  tlie  only  intersection 
of  the  projecting  cone  with  the  plane  of  projection,  is  now  the  centre  itielf, 
indicated  by  i;  =  0,  for  all  values  of  6. 


{b).  Let  M  coincide  with  B ;  then  6  =  a,  and  we  have 
l^±^j^»v  =  ±ak'    (4) 

which  is  the  equation  of  the  logarithmic  spiral,  agreeing  with  the  well 
known  result  of  Dr  Hallky  *.  and  ot  James  Bernoulli  f . 

(c).  Let  M  lie  at  A;  tiiai  b  =  —a,  and  the  Ibramla  beoomM 

5  ~  ^^^»  oev  =  qzak-*    («) 

Tke  reoened  brtrndk  tf^  b^garitkmie  spiral 

(<Q.  Let  6  s  infinity.  Then 

l^zbi  '^-*'*''    (6.) 

V  a 

which  is  the  equation  of  the  orthographic  pr^ecOon  of  the  rhumb-line  on 
the  plane  of  the  equator.  It  is  independent  of  the  %  :iluc  of  c,  that  is,  the 
pngection  ia  the  same  throtigh  whatever  point  of  the  axis  the  pnmUel  to  the 
equator  ia  draivn,  as  it  ought  to  be. 


t  JaoL  Baw.  Op.  Onm.  fil  GnoMr,  ton.  B.  491. 
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9dOf  Let  e  =  a ;  ihen  the  plane  of  jB-ojection  u  t|ie  upper  polir 
gent  p1unc,<thc  same  ns  us^d  by  JORBANUS  Nemobabios  in  bis 
tion  of  the  Planispihere*.  * 

(a).  Let  Z»  =  0,  or  the  gnomonic  be  taken-    Its  etpation  i&t 

(6).  Let  6  =  a,  then  we  have  the  sta^eogrt^k  Joboamui^  and  ita 
equation  \^ 

\  =  zk^!^^  or    sdr****  (8.) 

where  v  is,  as  it  should  bi^  double  its  fonncr  value. 

(c).  Let  h  =  —  a,  tlk-u  wc  have  the  Joidanian  atweogiaphie  of  the  re- 
verted hnmch  of  the  logahthmie  qpinl,  vis. 

v^q;i%alH    (ft) 

(</).  Let  6  =  mfinify,  then  a  vaniahes  in  oompanMin  of  h,  and  we  have 
again  the  equation  of  the  orthographic  pn>)ecti<Mi  of  the  kouidrame^  vis. 

1      ^  A— '  + 


found  in  ((>.) 


Let  e  <7,  then  the  projection  is  on  the  Umer  poJar  tangent 

plane,  and  we  aball  have  in  a  nmilar  manner,  when  we  put 

(a)  ...  &  =  0,  the  gnomonic,  or 
1     _Jt_d— W 


r  ~  fta 
(A)  ...  J  =  a,  then 


(10.) 


1  =  ±^"^T',  or»=0    (U.) 


*  Sev  thv  two  9diti«Hu  uf  tliU  txact,  iia&le,  i^iii,  ji.  280,  edited  by  ZlseusBi  imd  the 
nther  edited  Vf  Cohmamdix^  V«ii.  155fi,  p.  80.   I  hav«  given  Mnie  asooaat  of  iImm  ia. 
t]ie  Mathenrntical  RepoeitoiY,  toUtI.  pt.  0.    4S,  in  Craedng  «f  tin  Burtoiy  ef  the  8te- 
*  r«4^gnpluc  PnjjeelHM  «f  (lie  Sphere. 
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the  eqtiation  of  the  point  of  pn^eotion.  The  Mine  lemaric  nppfiM  m  is  made 
on  equation  (8). 

(c)  .  h  B  —a,  the  lerased  Jotdaman  Inandi  of  the  eum^  denoted  by 

*  =  qz^,  ori»  =  :p2ait-'    W 

(d)  .  &  =  in£  Thfin»  as  before  the  ortbogi^hic  beoomes 

1  _  ^k-'  ^k* 


XXXIV. 

JfjOKJinii'i  Pr^^^edSibn-Hnr,  moie  prapeily,  Wuqo^m  Devdopmeni— 
tnll  next  picsent  itsdf  to  one  enMideration. 

The  foUoyring  process,  for  all  ca^es  of  functional  pryectiom  *  on  an 
equatorial  cylinder,  will  furnish  the  relation  between  the  latitude  and  its 
pn^eetion*  if  we  admit  the  possibility  4^  resolving  the  equatioDa. 

Let     *=/y  (1.) 



 («^) 

ir=F0  (4.) 

The  first  of  these  is  the  equation  of  the  development  of  the  fiinctional  prt*- 
jection  f  on  the  equatorial  cylinder,  when  that  cylindrical  surlacc  is  unrolled 

•  See  Bote  (D). 

f  Thia  rerj  appropriat45  epithet  seems  to  have  been  introduoed  into  the  ncience  by 
Mr  GoMPBRTZ. — See  hia  Mcood  tract  on  Imagiimry  (juaatitks,  p.  x.  Some  authont 
hkve  beeo  m  &r  from  aaderrtending  the  natiin  of  **  MuicAT<»'t  Frqjectioo,"  that  they 
hun  deajgntted  it  m  made  **  ifpMi  a  fkm  m  m  i^knUt  dkHmoT  f-~-1itu.na^»  IhaamM, 

p.  427.  Thii  fingiiUr  oversight  originated,  doubtless,  in  the  want  of  a  proper  verbal  di«> 
tinction  being  made  between  the  radial  projection  of  a  figure  upon  a  given  surface,  and 
the  figure  generated  upon  that  surface,  by  taking  as  co-ordinates  some  Jmction  of  the 
cwf*  mU  to  h*  « ifi^Mtsd." 
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upon  a  plane.  Tlie  second  is  the  equation  of  the  curve  traced  on  the  sphe- 
rical sur&ce.  The  third  simply  expresses  that  the  equator  become??  the  axis 
of  a"  in  the  development;  anil  tlie  toiirth  is  the  relation  Ik  t.vif  n  tlu  iruiius- 
vector  i^f  the  ciu^e  at  that  point,  and  the  said  tunctumai  projection  of  its 
complement  on  the  cylinder. 

Equation  (3.)  is  always  given  ;  and  most  (^mmonly  (1.)  and  (2,)  are 
gi%'en  to  find  (4.).    This  is  the  case  we  propose  at  present.    To  effect  it. 

Put  (1.)  in  (3.),  and  equate  the  result  to  (2.)   This  gives 

.■.y=f-^rf,<p  (6.) 

Applying  this  to  find  the  law  of  projection  wliich  shall  so  divide  the  me- 
ridian as  to  represent  the  luxodrome  by  a  straight  line  on  the  developed  cy- 
linder, we  have 

X  cos  a  +  y  sin  a  =  0 ;  orx  —  —  t&na  y  (6.) 

mt  a  ^  log  tan  i  ^;  or  0  =  tan  a  log  Ian  ^  <p  

The  former  of  tfacw  ii  the  equation  of  the  straight  line  cutting  the  prime 
meiicliaii  under  ea  angle  a,  and  lying  in  the  (+^,_^  r^on  of  the 
sphere.   The  teoond  is  the  equation  of  the  hncodrome  (xxxi.  4k.)  reeolved 

for0. 

Inserting  these  in  (5.)  we  have 

^  s — cot  a  r  tan  a  log  tan  4  ^ 

rltn^^;  or 

 » 

Heuce,       c   '=  um  ^  ^»  and 
C  sscotj^or 

y   =rleot4^f  (8.) 

which  is  the  usual  fbrmula  given  for  this  purpose,  and  whidi  is  the  solutioD 
of  equation  (4.)  above  given* 

Though  objeetions  iiave  often  been  made  to  this  chart,  fiir  alleged 
inaceuracy  of  prindplei^  ye^  with  two  exeqitians,  lliqr  »e  undeserving  of 
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notice,  as  resulting  from  the  total  ignorance  of  tlio  objectors.  The  two  cases 
T  refer  to,  however,  were  the  result  of  mistakes  on  the  part  of  men  of  re- 
sj)ectable  inathematical  attainments  for  the  times  they  lived,  and  the  oppor- 
tunities of  cultivating  this  branch  of  study  which  they  possessed.  They  were 
Mr  Heney  Wilson,  in  his  proposal  for  Curv  ilinear  Sea  Charts,  1720';  and 
die  Rev.  Mr  WjUV  of  Exeter,  in  his  Posthumous  Works,  1762.  published 
by  the  Rev.  Mr  Rowe.  Of  Mr  Wmaoirt  book  I  an  only  ipeek  from 
thenportof  oihen;  but  Mr  West's  ii  certainly  indieatnre  of  ftde|sreeof 
madienulieal  aeqauement»  that  shews  the  error  was  the  result  of  haste 
latiier  than  inaq^bility  v£  investigatkii.  He  was  led,  by  trusting  too  im- 
plicitly to  the  nnguaided  verhal  iMmaUs  of  Weight,  to  suppose^ 
that  if  the  knodrame  wcm  gnomoiacally  pn^eeted  upon  the  equatorial  cy- 
linder, and  this  e^linder  uumHed  upon  a  plsa^  then  this  prqieetian  would 
beoome  a  strsigfat  line;  The  error  was  pointed  out  by  Mr  Samuel 
Dunn,  in  a  letter  to  the  Royal  Society ;  and  this  letter,  and  the  report 
made  upon  it  by  the  Rev.  William  Mountaine  (to  whom  the  let- 
ter had  been  referred  by  the  Council  of  the  Royal  Society),  were  printed 
in  the  Philosopliical  Transactions  for  1763  *.  It  was  also  noticed  by  Mr 
CiEOKGE  AViTciiELL,  who  also  determined  the  equation  of  the  curve  which 
would  be  actually  formed  in  that  osm,  in  the  Ladies'  Diar\- for  17^4+. 
I  have  no  intention  of  entering  anew  upon  this  argument,  and  I  allude  to 
it  only  as  it  affords  me  another  opportunity  of  emjiloying  the  methwl  of 
examining  the  relations  between  curves  and  their  projections  upon  the 
sphere,  and  its  equaturiul  cylinder ;  and  that  the  cases  before  us  afford  a 
good  illustration  of  that  verj'  simple  method. 


•        66.  and  69. 

\  \'u\c.  ProfoMor  Levhourn's  edition  of  th'n  eurioii-',  and  in  many  respc^^ts  valuaMe, 
Misc«lUny,  voL  ii.  p.  249.    Wo  might,  in  a  manner  very  similar  to  that  Just  employed, 
detenniae  the  development  of  the  Stereo^aphic  projection  of  the  Loxodrome  npoo  the 
eqaatoral  ej^iadw,  ud  diMU  fiMd^  h  is  don  in  ^  Gsnilmaa't  Diary     ISM,  p.  49. 
J  thititiiitlwlaBttiliiiidecBrTCw 
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To  find  the  equattou  oj  the  developed  gnomomc  prqjectkm  of  the  ioxo- 
drome. 

Here^  we  h»?e         cot  ^ = it  i ]» fif«n  (xxxi,  7.) 

y  =  r  cot  ^...tbe  ocnditiaii  of  gpomonic  pngectkii; 

Fran  triiich y^/^,^)  =  Oi>i«uBly  finmdtobe 

3'==tst«"'-'^M  (9) 

Again,  To  ascertain  what  curve  on  the  sphere,  gnomomcaUy  prqjut- 
ed  on  the  equatorial  qfUnder,  would  give  a  straight  tine  typw  the  de- 
velopment. 

Our  equations  are  now 

Fram  whieh  i*e  get  «t  once  tlie  efiialion  woa^A, 


0  A— oot^  tw  a,  or  ) 


(10.) 


It  M  obvion^  bowerer,  that  our  ioquirieB  in  thk  my,  tfaflii^  they  may 
cAen  kad  to  tnteieiftnig  results  in  partieiilar  c^ 

exceedingly  oonflned,  on  aeeoimt  of  our  oonfined  power  of  solving  cquatioiu. 
To  poisiie  it  fiurtiicr  heiOp  would  therefiBre  be  indevant 


XXXV. 

The  length  of  the  loxodrome  has  k)M  edftad^qfien  assigned;  a/adt  ae 
befare  <Aeeroed,  by  meAode  whkk  appnu^mate  verff  doeelif  to  our  own. 


The  expression 


d48  Mr  Datibb  on  the  EguatUm  i^Lati 

\mmK^  utt  aoeoait  of  {tkxxl.  t.), 

■^d^  set-  a    (1.) 

and  heuoe  the  length  of  the  arc  between  the  limits  ^  and  is 

I.=±(0^— ^Mca  (a.) 

agnday  Id  all  le^eeti  ivitli  tibe  commonly  obtiined  xenilt 
J%t  area this  ffm 

dA=(l  — cM^)  dflg^Tj^^d^ .  tm  a  (&) 

or  integrating, 

AsSlog-Mc^.tma  (4.) 

When   ^  =  0,  sec  ^  =  1,  and  log  sec  ^  -=  0.    Hence,  if  we  suppose 

the  area  to  commence  from  the  pole,  and  the  radiii8-\-cctor  to  revolve  in  the 
podtive  direction,  the  whole  mnfiuie  tzaced  out  duiiiig  the  fint  quadnuit  of 
of^^iriUbe  sstanalqgS. 


XXXVI. 

Qiven  the  bate  and  vertical  angle  of  a  spherical  lria$i^  ta  fnd  the 

locut  of  its  verteai. 

Let  a,  /3,  and  a,,  B,,  be  the  co-ordinates  of  tlic  extremities  of  tlie  base, 
and  <pd  those  of  the  vertex.  Then,  if  we  denote  by  ^,  t^^  o  the  three  sides 
of  any  one  of  these  trioJiglcs,  and  the  given  angle  by  (,  we  shall  have  (by  II.) 
for  the  determination  of  the  locus,  the  four  following  equations : 

ous  d  =  cos  a,  cos  a.  +  sin  a,  sin  a.  cos  /3, — (i,  (1.) 

V 

CM  d,=:eot^  ooaa,+ on  ^wsxa^imd  —   (S.) 

«Md.=«oa^eaaa,  +  Nii^dna,  <mQ — ft  (&) 

end  sOM^^coad.  +  iiBd,  and. cose  (4i>) 

Inserting  in  (4.)  the  values  of  d    6„  from  (1,  2,  3.),  we  sliall  liave  the 

t 
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equation  sought :  but  except  in  tlic  case  of  f  —  "^,  tlit-  fciiuetiou  presents  a 
result  too  complex  to  enable  us  to  judge  of  the  nature  of  the  curve.  Wc 
shall,  therefore,  for  this  purpose,  take  particular  values  of  constants ;  that 
is,  instead  of  taking  the  ori^ii  and  direction  of  co-nrdinatcs  arbitrarily,  we 
shall  confine  tlicm  to  specific  po';iti<ms.  In  c^uics  wlu n'  fho  intersection  of 
such  a  locus,  arbiUuiil)  biui<iLi;il  wiLli  respect  to  other  gi\  ca  curves,  is  sutight, 
we  must  of  course  recur  to  the  origiual  equations  above  given, 

imo,  Let  the  pole  of  lefefenee  be  tihe  extremity  of  the  baae. 


Tut  PM  -  \,  and  take  the  meridian  MP  as  origin  of  0.    Then,  PL 
Lot  the  given  angle  MPI,  —  L ;  then,  by  a  known  theorem  in  spherical  tri- 
gonometry, wc  have  at  once  the  cciuation 

cot X  ain 0 » cot  1.  tin  dszeo»<ft  co»0,  .....(5.) 

RewlTing  this  mth  reapeet  to  ^»  we  obtam 

^  :  wx-dtf<»  [ —  ^^'^ 

.  cotL  ootX  sio^^  OM  ^  fOOM^  X     OOSM^  It  aid' 0}  (T  \ 

'2<fo  Taking  it  nowin  Te&renoe  to  an  origin  at  the  middle  of  the  bas^ 
and  still  as  a  polar  curre,  we  have*  putting  RP*  s=  FT  =  a  (the  nuue  as  ^  X 


*  Se«  I'^igure  oa  page 
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hilfaelMtiM);  PMisi^p  BPM ^d,  and  RMT^I^  mdiaUlm 

cot-'  Jt-r-a —  +  cot-'   J'Vt — ^  =:L  (a) 

vtt  taking  cotangents  and  leduehig,  wc  get 

{coscc*  a  —  sin*  d}  an*  d>  —  1 

or,  resolved  tor  ^,  this  gives 

3^io,  Take  the  same  origin  of  <p,  but  refer  6  to  a  lucruliau  i'Q  at  right 
angles  to  RT,  tlien,  we  have  merely  to  interchange  cos  d,  sin  Q,  and  we  get 

4#o,  If,  on  tbe  oimtnvy,  we  take  rectangular  OMndiiiatea,  F  being  rtill 
the  mag^  we  ahaU  have 


L=flat"'>Gota'|-d«ui^4>oot'-'cota  — doB^  (IS.) 

or,  talciiig  the  co>tangenta  ef  both  ridob 

i.in»0  cot  J+£cota— e-1  _ ^ L  (18.) 

nn0  (ooca  +  tf^.cota— 6) 

and,  by  putting  for  tJiese  oo*tangents»  their  values,  in  terms  of  the  sines,  &c 
it  is 

'     ,   ,     cot  L  sin  8  o  d:  [col*  Lao*  2  a  — an*  2 
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XXXVII. 

We  proceed  new  to  ooniidei  afew  dicmnttanoes  ooimected  with  this 
carve.  The  flnt  Ibnn  (5.)  posseaaee  that  land  of  oudyticil  fymmetiywliieh 
nuiy  dttm  fiw  it  mne  ettenlion ;  Imt  it  is  of  mote  importance  fimn  its  be- 
iag  tke  g&iffraphM  e^puOon  <if  ike  Uneg  egwd  magnetic  variaHan, 
the  needk  bong  supposed  coDBtmtlydiTCeted  to  the  magnetic  pole.  Intfais 
esse,  X  is  the  coHatitiidc  of  Ihe  magnetic  pole^  L  is  the  magnetic  variation* 
^  tile  cohtitode  of  any  p«nt  in  the  curve,  and  49  is  the  cone^ndtnglon- 
l^ode,  ledamed  ftom  tiie  meridian  in  which  the  magnetic  pole  is  situated. 
If  anolher  meridian  be  taken  as  the  origin  of  longitudes,  such  that,  in  re- 
ference to  it,  the  ko^tude  of  the  magnetic  pde  is  /;  then,  the  eqnivaria- 
ttoMsurve  is  rqvesented  1^  the  equation 

c»t\  nn*^— ootL  ao(0~O=oos^  eai{d— Q  (1&) 

The  besiitiM^ezperiment  of  "Mi  'Baxlow,  which  lenden  it  h^ly  pro- 
haUe  that  the  phenomena  of  terrestrial  magnetism  result  from  thermo-elec- 
tric cansea^  ctrnftrB  great  philfleophical  interest  upon  tins  equation.  1^ 
lesemblance  of  tiie  luies  slong  whisk  tiie  compsas  was  carried  in  tiiat  expe- 
riment to  obtain  a  variation  of  L  degrees,  to  the  Hnca  of  equal  variation 
famished  by  the  observations  of  Hai.ley,  and  his  successors  in  the  inqviry, 
niggestfv]  that  if  we  could  asaign  this  hypothetic  path,  in  tlio  fvnn  of  an  equa- 
tion refcrrctl  to  our  common  gcograpliicai  co-ordinates,  we  should  greatiy£u 
cilitatc  such  comparisons  as  mny  he  made  between  the  phenomena  anH  the 
results  of  any  presumed  law  ot  physical  action  by  which  tliat  direction  was 
given  to  the  needle.  Independently,  too,  of  this  purpose,  we  should  be 
able,  by  means  of  tliat  equation,  to  compare  these  h}^K)thetical  ciu*ves  witli  the 
curves  furnished  ]ty  obstn'ation,  and  thus  (the  general  resemblance  being  ad- 
mitted) find  what  iU  \  iations  from  these  upon  the  surface  of  the  earth,  arising 
from  disturbmg  causes,  or  from  "  local  attractions."    But  thi.s  is  irrelevant. 

The  eharscter  of  these  curves  is  best  obtained  from  equation  (10.),  and 
we  proceed  to  examine  it. 


Imo,  Let       nndsO      BssnT,  and  nn^s±mio 

.*.  dsO,  or  d=ir,  and  0  =; 4- a,  or  0s: — a: 

Yj2 
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or  the  cur\  0  pas.6cs  throng]  i  u  aud  X  i  and  thjonf^  B'  and  T,  paintt  eqaU 

distant  6om  the  o^osite  jpolo  F'.  . 

and  <lie,6qiutuui  beeouMB: 

■  ,;,^_<»tLcota±{ciMe^g~l4.ca«^aootLl^^ 

gptL  A  ooweL    sin  a  (cos  L  it  l> 
Thii  0ifes  t«n>  Tdne*  of  rin  ^,  vii. 

.    ,  2  sin  rt  cos*  i  L 

.    .  2  sin  a  sin-  A  L 

^  Let      «iDa=— 1»  or  a=t^!^ir; 
tiieni  llis  6qiHilioii  beooineB 
.  ciitLeflta±cotac<wecL_ — cotLdrcosec  L    sina  (cosLipl) 

KvidMitKlfiiiifr 

.    .  S  rn  o  cos'  i  L  ,  ^ 

»^^^=-5is«^p:l5iii:=-«^*L*«"«  

.    ,  S  sin  a  sin'  i  L  ,  ,  . 
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Then  ue  hence  on  eadi  ode  of  the  drde  RT»  two  bnadieft  of  the 
cam,  which  an  two  and  two  symmetrietl.  Th^  inteneet  PQ  FQf  in 
points  MN.  M'N';  so  that  PM  =  PM',  and  PN=PN'.  To  ascertain 
whether  the  symmetrical  branches  are  likewise  comtiniious  or  not,  wc  have 
eady  to  consider  that  the  same  value  of  6  gives  unequal  values  of  nn  ^  and 
hence  the  two  continuous  pairs  of  branches  are  not  the  symmetrical  ones. 
The  curve,  then,  is  composed  of  two  separate  oj'als,  which  intersect  each 
other  in  R  and  T;  hut  they  are  at  tl'c  «;\Hie  time  in      respects  eqiinl.  rind 
only  situated  in  a  reversed  position,  with  respect  to  taeh  other  and  IIT, 
as  in  the  annexed  figure.    The  two  unequal  branches  into  uhieh  KT  di- 
vide?; e.ich  oval,  are  the  loci  of  tlic  given  angle,  and  of  its  aupplenu^nt ;  as  is 
obvious  Irom  the  formula  determiuiug  the  locus  by  meaus  of  tlic  xinv  of  the 
vertical  angle,  that  sine  being  idso  the  sine  of  the  supplement  of  the  given 
angle.    The  same  tiling  takes  place  when  the  problem  is  solved  in  piano : 
the  locos  by  these  two  drdcs  vary  mudi  resembling  our  figure  ahovo  in  ge» 
neial  appeaiaaee,  and  having  sevoral  analogous  properties. 

Qetades  tfacs^  there  are  two  others,  which  constitate.the  locus  of  the  8e> 
eondaiy  inteneetinu  of  the  dides  RM,  TM,  wliidi  contun  die  given  angle, 
and  summnding  the  opponte  poku  The  secondary  hnnch  of  RNP  is  co- 
nietdkf*  opposite  to  its  piimary,  and  cyUndrkally  opfwaite  to  the  primary 
biandi  of  KNT :  and,  mtx  vawt,  the  secondary  hmndi  of  RNT  is  coni- 
caBy  oppodte  to  its  primarir,  and  eyUndrkatty  to  the  primary  hnmeh  of 
RNT.  The  primary  and  secondary  branches  of  each  individual  (botli  of 
RNT  and  RN'T)  are  obliquely  cylindrical  to  each  other :  and  so  arc  the 
two  primary  brandiea  themselveB^  as  weD  as  &eir  aeoondaries,  ohiiquely 
cylindricaL 


•  Vidt  Note  & 
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NOTES. 


NOTE  A. 

It  will  often  fwrni****  our  detection  of  circular  lod,  to  franu  a  table  of  M)1ution» 
of  (1. 1.),  with  respect  to  Mch  of  the  functiaiu  of  arcs  emjtlojred.  The  follow, 
ing  is  a  qiecinien : 

«„i  »     J-  Great  Ctodfc  i 

:«»t>.  -4- cot  >. 


eoocMnXco»< — <  — «n«X«in'<— g  d 

' '  ~  I     sin*  >.  t*in'  —  « 


<M^  =  — ■*  .  , »  .  ,  .  '  '■' — ~  —  ~~  — ^—  —  — 


cot  *  =    .1  *   *»»M»"  -i-  --j-iju.^  s,  s  3;  — 'JZS'^  ~  ^  «■•#—» 

oMj  dnX  cot' — m.  ±  CMXVrini'e — noiXnni^— .«  c*"^ 

The  tangent,  aeouit,  and  ooieeant*  bong  the  redprocals  of  these,  may  be  formed 

1)V  inspt-cti»)ii,  and  need  not  bo  tabulated.  Wo  might  have  in^t  rti  J  the  other  func- 
tiuns  of  it  or  we  might  liave  resolved  the  primary  equation  in  rv-!«pect  uf  4,  and  in 
terms  of  eadi  function  of  f\  but  the  proGCM  is  too  simple  and  dnnentary  to  need 
laoce  than  pomdiigout  to  die ; 


NOTE  B. 

It  iM-Diinieii  uf  great  iin]>urtaDce  to  funu  an  analytical  table  of  tbe  signiHcatiuufi 
of  Bpherieal  equatians ;  that  is  for  detenninhig  the  points  signified  by/^f  Q  =■  0,  m- 
solved  for  either  of  the  \  ariubU^^   We  prapoee  to  ftw^ah  one  in  this  note. 

All  tnV<jnonietrical  functions  lielonp  to  ninrc  than  one  arc — to  inniuner:iblt>  arcs. 
Su  long,  however,  as  we  attend  only  to  the  points  in  which  those  arcs  termiiiate, 
theae  pointo  aic,  for  eadi  functi<m»  confined  to  two,  the  sucoeeaiTe  petrs  tenninatiiig 
at  the  same  points  after  the  incivaient  of  an  indefinite  number  of  complete  drcum- 
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ferences.  So  far,  tlien,  as  the  geometrical  position  of  a  point  aa  the  sphere,  each 
Ametini  d«tandM»  taopoM»,  and  mfy  two. 

The  sphere  is  divisible  into  eight  octants,  each  bounded  by  three  quadrantal  arc». 
A  point  may  V)^  situated  any  where  upon  any  one  of  these,  or  upon  any  one  of  their 
bounding  quadnutUi.  To  arrive  at  that  puiiit,  we  may  gti  two  ways  from  the  finrt 
maUhn,  and  two  ingrBftom  the  pob;  and  hence  any  one  point  may  be  denoted  by 
fbnr  diftnnt  pairs  of  o>-ordinnti's.  For  facilitating  the  deacriptian,  we  shall  »u]i|x>w* 
a  common  terrestrial  globe,  havinfij  its  meridian  in  the  plane  of  the  terrestrial  meri- 
dian, and  its  equator  in  the  horizon.  Its  nortb  pole  will  then  be  P,  its  south  pole 
P,  «mt  Ht  equator  vOl  be  £Q ;  and  if  Loadon  be  brought  to  die  faiwv  nierii&aD, 
tiieliMgttiidaiontUB  gkbewiUooeieipandiritli  the  vdneeef  4 
f  win  correspond  viith  the  'co-latitude  (or  rather  sjiy  N.  P.  D.)  of  the  |x}int  under 
consideration.  Let  us  now  conceive  the  glolw  to  be  permanently  (ixed  in  its  present 
position,  but  tlw  brass  meridian  to  revolve  about  the  axis,  eitlier  eastward  or  west- 
vaird;  and  ire  ahall  be  able  to  oompKhend,  with  the  utnuwt  iMilitj,  ^  dtatribvtiini 
of  die  coordinates  f,  i  into  the  four  pairs  above  mentioned. 

In  analogy  to  the  methiHl  of  estimating  rectilinear  co-ordinates,  we  shall  consi. 
der  (the  sphere  being  iixed,  as  already  described)  that  the  values  of  6  lying  toward* 
the  right  haiid«or  east  hmgitad^  is+,  and  that  to  the  left,  or  weet,u— ^  Wedndl 
^so,  when  we  take  the  polar  equation,  consider  the  radius-vector  f,  which  coinddee 
with  the  prime  meridian  on  the  soutli  si  1  .  tn  he  -}-,  and  the  o])jx)site  one  to  l>e  — , 
These  can  never  change^  except  by  becoming  respectively  =  0.  We  shall  designate 
the  eight  sphefkal  oetanta  by  "  regimu:*  and  we  diall  deuribe  the  diitaoces  £0001 
the  anffa.  ti  thy  calling  it  the  fiiat,  aeoond,  third.  Int.  quadmnt  cl  po^ltot  rtvolu 
(loti^  or  of  ncffafivc  rex'olut'um .  The  same  method  will  be  will  adapted  with  re- 
spect to  poaitive  and  negative  polar  dttUmcc,  in  polar  curves,  or  to  pofMsv  and  ne- 
gative  UUUudet  in  rectangular  curvea. 

If,  therdbM*  the  eo-oedinates  of  a  point  cn  die  sphere  be 

^4   ~  (I.) 

they  aie  aim ' 

ft -(2*-*).  (2  ) 

— (2r— f),  _(2»— tf)  (3.) 

 (4.) 

tespectively.   TUt  can  henoe  cieate  no  dilleuUy. 

Again,  when  we  have  teacAved  the  equatlonyipy  #)  =  0  with  respect  to  mjiatetkm 
of  one  of  the  varialiles,  wc  shall  always  find  two  points;  belonging  to  each  value  of 
that  variable  on  the  sphere,  for  every  individual  value  of  the  other  variable.  Now,  as  in 
general  the  cquationa  between  thcae  variaUea  in  tiiganonetrical  fanctkms,  and  as  to 
eadk  Table  of  any  audi  faneticn  two  aica  bdong^  we  diaO,  (anppdiingod^ 
of  each  Tailable  appear  in  the  find  equatioii)  obtain  Ji»ir  poinff  o»  tke  jplsre.  To 
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find,  then,  the  ninDlier  of  pmnts  vhidi'wft  ianaAeiot  tfw  Iocim  or,  m  otiwr 
wofda,  of  how  Bumy  bnuichM  the  locus  may  et  the  moit  mniBiil  wp  wmt  leMlve 

all  the  functions  of  f  into  one  pnrtirular  function  (no  mattrr  which)  of  t,  and  all  the 
functions  of  into  any  particular  function  of  i.  If  the  degree  uf  this  polyuome  be 
n,  then  the  number  of  points  furnished  by  each  value  of  the  trigonometrical  functioo 
which  h  tidccD  m  dw  prindpol  varuUe,  will  dgtawaiusjimr  pdnts  on  tiie  ■nifroe  of 
the  sphere.  The  curve  mai/,  then,  be  composed  of  4fi  bnuwhet:  at  kait  in  an  an^ 
Ivtical  ]K)int  of  view,  ««uch  he  the  casr.  If,  however,  -we  seek  the  trxio  ffeotnetru 
cfU  number,  we  nhaii  find  it  to  Ite  i^n,  a»  each  of  the  pairs  whicli  result  from  this  re- 
solutkMi,  are  reduplicetiain  of  the  other  peir,  eadt  of,  each.  Eidier  brandi  may  be 
described  by  a  diameter  of  the  sphere  moving  upon  the  Other  biaodl*  and  kSTiOg 
upon  the  splure  the  tratT  of  it>  otlitr  txtnniitv  'l  liis  second  branch  is,  indred,  the 
locus  of  the  second  inter^.-ctiou  of  Uie  circles  whuae  prinuuy  ones  trace  out  the  pri- 
mary  branch  of  the  locui,  when  the  locus  k  that  of  the  intenections  «f  two  didc^ 
deMSrihed  according  to  an  aligned  law ;  and,  in  all  cases,  diere  is  some  dfcum. 
!.tant  i-  ill  tlif  signification  of  the  problem  corrc^pindont  to  the  second  intersection. 
We  have  ortly  tu  lay  tiowu  the  relations  of  these  branches,  as  they  depend  upon  the 
functions  by  which  they  are  determined. 

laiok  Let  it  be  KMlTed  for  ^   Then  taking  die  fobr  equation^ 

sbf=/<0    (5.) 

This  denotes  two  points  upon  the  Nine  meridian,  equidistant  irom  the  polets  and 
the  locus  ilKlf  surrotniding  both  poles,  is  composed  of  branches  perfectly  equal  and 

Mtiiilar  in  all  respects,  except  that  t!us«'  two  liranchcs  are  also  upon  a  right  evlinder, 
which  is  perpendicular  to  the  equator.  The  {winwry  sad  secondary  branches  are 
therefore  n/liruiricaUtf  related  to  each  other. 

Next,  take  cos  p  =  /(#)    (6.) 

Tliis  gives  two  branches,  lying  opposite  wuvb  upon  the  radius  vector  «^ ;  these  nu^ 
heoome  ooinddent;  they  do  to  when  the  value  of  oaa0  is  angle,  and  marked  -f- 
or— . 

Again,  take  tmf  ssf(fy  ...........  (7.) 

Now,  flnoe  tan^  =  tan  (t  +  </>),  there  arc  two  pdi^  belonging  to  th»  <fiaaietri> 
eally  opposite  to  one  another  u]X)n  the  sphere,  each  of  which  may  be  considered  to 
trace  a  branch  roinid  either  pole.  Tlu  si  .  ns  IwTore,  may  iKiorae  ooim  iW n!.  The 
cotangent  also  being  the  reciprocal  of  the  tangent,  tlie  same  drcumstuiice  takes 
place.  The  equation  of  the  hour-lines  on  the  Antique  0ia]a  is  an  instance  of  diis. 
If  weoouDider  the  polar  equation  of  theie  cnrv«%  vis.  oot^  s  +tanXooafi0, 
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1M  duB  4iid  a  perfect  ooirespoDdeoce  betweeo  this  result  aiul  that  given  in  tb«  pa* 
per  on  that  sul^ect  The  two  brandiet  are  here  ctmiealijf  oppoait*. 

In  cose  of  secant  and  cosecant  of  <p,  ve  haN  c  the  ^me  class  of  IMultB  M  thoK 
afiorded  by  the  cosines  and  sinea^  of  which  they  are  the  ledpcocals. 

Mb^  BMdhw  ihe  eqdatiaii  Ibr  ^:  and  takeitasaMct^^  We 

shall  have  simply  an  interchange  of  sines  with  coidnes,  tangents  witli  cotangents, 
and  ^anta  with  cosecants.  The  sines  will  now  fji%c  cyliniliii-ally  opposed  turves, 
and  cosines  reduplicating  curves :  t^geiit^  and  cotangcutii  an  bei'uru :  aiui  t>a:aiU» 
and  ooaeeanti  give  lesulta  Aaakat  in  that  mpeet  with  the  oomuw  and  doet, 

Stio,  Resolve  it  for  6 :  it  will  now  be  more  oonvcnient«  gaNtaUy,  to  «^«^«"' 
the  curve  as  referred  to  rectangular  co-ordinatc8. 

The  aiiwa  will  give  curve*  cyHndricaJly  opponte,  and  reftned  to  the  prime  meri- 
dian and  it»  opposite  branch.  The  cosines  ^nll  give  curves  symmetrically  related  to 
prime  meriiUan,  lying  to  the  right  and  left  of  it.  The  tann;i  iit>  un<)  cofanpfents  will 
give  curves  of  branches  diametrically  opposite;  and  the  ticcants  and  cosecants,  the 
same  dasaea  as  thoae  funaahed  by  ooaines  and  sues. 


NOTE  C. 

Tuonan  1  have  limited  myself  to  a  mere  iiuiication  of  the  general  character  of 
the  qpheiieal  coidc  aectimiR,  it  may  not  be  imievant  to  atate  heie,  that  all  the  jm- 
pertiee  of  contact  and  intt  rst'ction,  all  the  propertiea  of  inscribed  and  drcuniscribed 
polygons,  and  most  of  the  loci  generated  from  these  cnr^  t  ^,  1)y  i^iv.  n  im  tlxxls,  when 
tile  figures  ore  taken  in  pkmo,  have  analogues  on  the  surface  of  the  sphere.  The 
circle,  however,  which  in  the  plane  conie  aeetiona  becomes  a  locus  in  oonaequenee  at 
oontaimng  a g^ven  angle  subtended  by  abase  given  in  nin<^mitiuU-  and  position,  is 
exchanged  in  sphtero  for  the  curve  tliscussc-tl  in  XXXVI  and  XXXVII:  but  thi* 
chatijTi*  does  not  take  place  when  the  locus  is  the  path  of  a  given  angle  contained  by 
circles  described  by  any  other  law.   The  pecpendlenlar  fimm  tfie  fiieiia  upon  the 
tangent  k  an  inatanee  of  tlus  btler  kind.  /«  |dno  and  tn  9fkeBfOt  it  ia  alike  a 
circle  on  the  nuyor  axis.    The  various  divisions  of  great  circles  any  way  related  to 
the  defining  data,  or  to  linos  ili-finitely  drawn  with  n"sp«t  to  tlir  fixed  lines  and 
fixed  points  of  the  locus,  have  analogues  in  terms  of  some  ot  tiicir  trigonometrical 
fiinffiflfHt  to  the  aecdona  of  the  conaaponding  etraight  linea  iia  ]^amo,  Aiew  tt 
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Am»  iMUr  win  be  bivntigMlcd  in  •  ptftt  iHiich  «tU  bv  iMtfaitdl  in  tlw  im%  niiaiher 
(XXIU)  at  Profcawr  Lxtboors's  Mathfmatieal  MtfotHortf. 

I  havo  MsmineH  «  prnit  nninlx  r  nf  the  lr»ci  thus  prwluccd,  and  in  no  ca*«  tfiat 
I  have  yet  tried  have  1  found  the  analogy  broken.  A  £ew  uf  the  oiore  cutioiUt 
elegant,  and  important  ODW  will  be  inaerted  in  the  aiiceeeding  portkn  «f  llus  in* 
ipiiy,  trfaidi  I  am  pvepBting  to  send  to  the  Royal  Soflie^  of  EfUnbaigb*  Itt  fhit 
paper  I  shall  examine  those  properties  of  f.ptH  rual  curves  whose  demonatratioris  art- 
dependent  upon  the  differential  co-efficients,  or  moi»t  readily  investigated  by  mcana 
of  them,—- aa  their  singular  points,  aa^piotic  circkSt  asjfmptoHtm  ingeneralf  ihar 
spherical  tHvdtttu  and  mrfHfcst,  and  odier  topics  allied  to  these.   I  dull  Am  cotor 

into » full CKmHimtioW  of  !>everal  piiradoxical  expressions  that  I  im  occurred tO  HM  in 
mj  rcicarches  arisinp  oiit  nf  the  n|iplication  of  gftu-ral  formula;  to  particular  cases: 
aa,  for  iiwtancc,  in  the  expression  ft/'  the  area  of  spherical  curves  taken  beiwetH  spe- 
d/UdUmiU  (ne  Art  XIX.  of  tlus  paper),  and  odier  coQAteral  ittbjecfa.  Two  oUnt 
lopicB  win  abo  cfaim  a  little  consideration— oMS^ue  ^jpAerintf  to-eirdkaiu,  and  (fte 
fiicu.s-  of  the  pcndrai'icn  nf  Ou  sphtrt  6^  Mgf  gbpot  Mtf/boc,  hd  uptcUfy  bjf  a  cen> 
centric  cone  of  the  second  degree. 

I  may  just  remark,  in  addition  to  the  little  that  it  Mid  m  the  article  to  litiA 
tUa  note  alludee  (XXIV)»  th«^  taking  the  focua  for  origin  of  f  and  die  line  jafadBg 
die  find  ibr  origin  of  1^  dw  general  equation  of  the  conic  Kcdons  on  die  aphm  h 

co»2«  —  ootSi 
•w2«±«in3icoa* 

where 2 (is  tlie  distance  of  the  fixi,  and  2a  is  the  given  sum  or  difference  of  the 
focal  radii  vvctoxvs  drawn  to  tho  jioirUs  of  tin-  Irx-u*.  This,  for  the  sum,  is,  abating 
the  notation,  the  same  as  Professor  Lowav's  equation  of  the  sphencal  ellipse,  in  the 
oMierieiof  IjnraaoBii*liBepoatoi7,  p.1961  SeeNote^ 

IttthecaaeoftlM^iliericatpanibak,  jt«B|>  and  die  expreanoos  are  for  thie 


The  analogy  between  these  and  the  focal  polar  cqtiations 
is  sufBdoitljr  remarkable  to  inteteat  every  inijuirbiig  mind. 
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NOTE  D. 

In  HyMEBs's  Analytical  €i«oinetry  of  Three  Dimetiidons,  p.  136,  t)te  orthogrO' 
jMe  projection  ^the  rhumb4ine  on  tiu  piane  qf  the  equator  it  stated  tobeAe  %pcr- 
Mfejjrfroit  ABooientlicoiiiidenlioiiviDihe^  Itiiiliis: 
The  project  km  of  the  spherical  surface  itself  upon  the  plane  of  the  equator  is  con- 
Jined  to  the  limif  f  nf  fhr  rirde  of  the  eqttator  ;  and  hence  tfu  orihoirrajih'u'  projection 

any  euroe  traud  upmi  that  spherical  turfiice  vtusl  also  be  coiipiud  to  those  same 
Hmiftf  iut  lAe  hyperbolic  spiral  kot  a  ttcSUnettr  asymptote,  and.  hence  iU*  ame  it 
not  confined  within  the  lintite  aieigned  above.  The  pr^feeHon,  therefore,  xchatever  it 
might  be,  is  not  the  hi/pcrbolic  spiral.  The  mistake  was  most  probably  an  ovcrtight 
to  writing  the  netm  of  the  spiral,  the  pnijectioD  being  really  one  of  Cotes'a  apiral8(  ^ 
or  at  least  a  case  of  one  of  than. 

Dr  Labomk*  fltaoi^  In  bis  valwU*  treatise  on  Alfdxdc  Geometry,  has  made  an 
over^ht  concerning  the  projections  of  this  curve.  See  p.  478.  He  says,  "  If  a 
logitrithniic  spiral  be  described  upon  the  plane  of  n  great  circle  of  the  sphere,  with 
tile  centre  as  a  pole,  and  perpendtcviart  be  drawn  Jhm  evay  point  in  it  to  meet  the 
tsirfnee  vf  Uig  afkere,  A»  exfremUiet  t^Aose  perpenHenlure  tritt  Inue  md  a  fasw* 
drome  curve,  or,  in  other  words,  tlte  pr<^eeUiMi^theblBodrvm  eune  cn  the  plane  ^ 
the  eqtiat&r  It  the  logarithmic  spiralP 

We  have  seen  that  tlie  equation  of  the  stercographic  projection  of  the  Rhumb- 
line  is  the  kguitfanne  spiral  (XXXIII.  b,  c,  be.) ;  and  m  haw  «een  (XXXIIL  d) 
that  the  crUkgrapkk  is  defined  by  m  dilTcNnt  cquatioo,  and  dienfiire  is  a  diffsNnt 
curve.  The  equation  of  the  hypobolic  spiral,  too,  is  v  =  a&~\  vliich  is  a  very 
diffcront  oxprcssion  from  that  we  have  found  in  (d).  Ilencc  the  equation  of  the 
hyperbolic  spiral  does  not,  as  Mr  Hyme&s  inadvertently  supposed,  comcide  with 
diat  at  die  ivthog^apliic  projection  of  die  Uncodnnei.  These  aims  are  not  diere^ 
fbfe  idsntieaL  It  remains  to  aacotain  tiie  equation  at  die  fHrfVn! 
by  the  perpendiculars  raised  upon  the  points  nf  the  lo^aritHmic  spiral  for  compari- 
iion  with  Dr  Larombk''b  other  statement— that  it  is  the  ioxodmme.  We  fshtdl  also, 
en jMUsaiU,  show  the  oonverae  of  (XXXIII.  b,  c);  viz.  tiiat  the  sterwograpiiic  pro- 
jedko  of  tlie  laigaridunic  qnral  upon  a  oonoentrie  ^faeie,  fton  one  of  the  polea  .of 
the  plane  of  the  spiiat,  is  die  lasodnNne. 

1st,  The  stereogra^thic  projection  ^  the  kgaritkmic  ^rtd  t^pon  ilte  suffice  ^  a 
concentric  sphere  is  the  loxodnme. 

Let  AC  s:  CB  s  CL  =  a»  he  die  luut  ef  tndii>TeGlon8»  and  CL  die  origin 
of  polar  an^tes.  Join  DB  cutting  CF  in  V.  Denote  the  kgo^qiinl  by 

•   <i.) 
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LetL€V=«,anddeMribetheiiieridi«iALB.  Then 
LAD  ia  dw  s  0.   We  have  now  to  And  AD. 


rv  r 

—  =    =  tnCBVsluABD. 


.(«.) 


But  because  the  angle  ABD  is  at  the  circiimferenoe,  the  arc  AD  meuuies  twke 
the  angle  ABD :  that  iis  in  symbolic  language, 


AD  ^  2  taa-i   

CF  =  BD= aau  AD  a  «  ubi  t. 


a 


■in  S  tair^  ~  s  lb  2  tar*  ^  bf  efuliM  (1) 

or,  taking  as  1  s  nd.  of  tplicK»  we  have 

■in  f  s  ab  Stan-i  A*  s  S  lb  taH->    X  «M  tw-i  I* , 
or,  by  Nducdon* 


2*' 


..(4,) 


which  18  the  equation  of  the  loxodrome,  already  found  in  (XXXI,  6),  in  tenns  ot 
die  variabln     0.   Hroee,  be. 

We  have  jfct  to  ascertain  the  tpherical  equation  of  the  intersection  the  ortho- 
gonal cylinder  on  a  log.-rpiral  base,  xcith  the  surface  qf  the  sphere. 
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Let  N,  taking  the  place  of  V  Ju  the  former  figurv,  be  a  point  in  tlte  log.  spiral, 
wfaoK  equation  ii 

t^  =  *'  (1.) 

Draw  i«iH,  HG  X  to  CN,  CA.  Then 

CN  =  r  =  a'  =  GH  =  sin  AH 
.•.•iB*'=:  A*  (2.) 

This  is  not  the  equation  of  the  loxixlramc;  and  hence,  n\^\  this  ])art  of  (lie  snj>- 
position  is  erronwus  also.  The  mistake  jiroh-thlv  arose  from  a  muiiieiitary  coiifuioon 
of  the  two  methods  of  projection — the  stera>gra{)hic  and  the  orthographic 


NOTK  E. 


The  Jirit  attempt,  in  all  probability,  that  was  made  to  assign  a  spherical  curve, 
by  means  of  its  equation  between  (p  and  6,  was  by  that  very  ingenious  mathematif 
cian  Mr  Jamxs  Skshk  of  Aberdeen,  and  by  the  late  Sir  Thomas  White  of  Dum- 
fUcK  The  kttor  gentkintn  propoMd  this  question  in  the  GmflematCt  Diary  for 
1796,  and  it  was  amswereil  hy  the  former  in  the  Diary  for  1796.  See  Davis's 
Collection  of  those  tracts,  vol.  iii  p.  SoS,  under  that  date.  I  had  completetl  the 
rcseardies  contained  iu  tiie  preceding  paper  before  i  was  aware  of  that  circum- 
stsoce,  whidi  wm  obligingly  pointed  out  to  me  bj  ProfcMor  Lovky  of  the  Royal 
Mihtary  College.  The  solution  of  Mr  Skene  is  very  similar  to  the  preceding 
XXXVII,  13:  aiul  he  .shewed  jiIm  that  tlie  urthographic pngectioD  of  the  curve 
upon  the  equator  (P  being  the  pole)  is  an  ellipse. 

In  FiraAMor  Ixnomtt  MalkmaSeti  M^poiiterjf,  O.  S.  Queit  190,  'vuL  fi. . 
p.  196,  the  apherkal  dlipae  ia  ptopoced,  and  a  aoliition  hy  Mr  Lovry,  hwerted  in 
the  following  number,  remarkable,  like  all  the  processes  of  that  eminrut  <^'eoiiieter, 
for  the  elegance  of  its  methods,  and  the  simplicity  of  the  results.  As  a  mure  ample 
discussion  of  that  cur^e  will  appear  iu  the  next  number  of  the  Repot'Uoryy  than  I 
oould  find  fooin  for  here^  I  ahall  denit  Aon  fiirttier  lemark  upon  it  at  present. 

Tn  IIovAU»*a  Spherical  Geometry  (1796)«  too,  it  is  proposed,  p.  1  l.j,  to  find  the 
locus  of  XXXVTI ;  which  the  author  considers  a  new  problem.  Had  it  been  so, 
his  investigatiun  did  not  remove  the  necessity  for  a  totally  new  con.sideratiou  of  it. 
These,  «iA  the  Spherical  Parabola  {Repot,  r.  p.  210),  and  the  Heetemoria  of  my 
former  paper,  are,  ao  far  as  I  know,  all  the  attempts  that  have  been  made  to  treat 

sphen'eal  hx'i  hy  means  of  .^pherieal  eiMirdinates.  The  nirvp  of  |»nrsiiit,  trented  hy 
Simpson  and  Emersok  in  the  Ladien"  Diary  1736.  was  considered  as  a  plane  curve; 
and  the  saoM  is  true  of  Mr  Coxliffb's  note  upon  these,  hi  LsTMuan't  edition  of 


a6£         Mr  Datibs  on  ^  Equa^^  tfLoei^  Sfe. 

that  work,  iv.  p.  215.  Mr  Skenx  0.  Cygni)  gave  a  differeuUal  equation  of  the 
■Mke  upon  the  sphere  Utdtt  but  did  tiot  attnaptdieiiitegiatian  of  it^  in  gorifawwiV 
M^A,'Comp.  No.  vii.  Vid.  also  Lryb.  Diariet,  it.  ST7>  No  gtnail  vfa«B»  hov. 
over,  of  ixtrnding  and  systematiziiig  the  inqinr\  seem  to  have  occurred  to  any  of 
these  writers ;  and  periiafM,  whilst  the  old  trigouumetrical  notation  was  so  generally 
employed,  the  advuitages  of  the  new  too  litdc  filtt  and  die  fenniila  and  medioda 
wfakh  were  connected — almost  identified — with  it,  imperfeetlj  fimriliariged  to  the  eye 
and  hand  of  the  analyst; — it  would,  tlun.  Iiiivc  })L'L'n  almost  impossible  to  pur'^ue 
thoee  inquiries  to  any  great  extent.  At  ail  events  tiie  subject  died  away,  and  was 
prabaUy  forgotten  even  by  those  who  had  engaged  in  it  at  the  time.  I  think  it 
ii^t»lioiwcTCr»  to  Mcapkalate  what  hu  been  abeadjr  dona,  though  at  Aa  «nie  ifane 
to  itate  distinctly,  Uiatmy  own  researches  were  undertaken  and  eompletediniKlfbct 
ignoranoe  that  even  theee  &w  attempta  hod  been  nude  brfoR  mt. 


Mb,  Bm  9(  ^A"*  mtical  mW  Hi^e 
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On  Ike  Determination  of  the  Position  of  Strata  in  Stratified  Rocks. 
By  L.  A.  Neckkr,  Honorary  Professor  of  Mineralogy  and 
Geolf^  in  the  Acadeiny  of  Geneva,  &lc. 

{Rtad  6tk  Febnary  1839.) 

It  has  always  a])])*  in  d  to  me,  that  the  sttidy  of  the  stratification 
of  rocks  and  of  niumilain  masses,  ought  to  be  one  oi  the  princi- 
pal objects  of  a  geological  observer.  Many  <tf  the  most  import- 
ant ftcte  in  geology  have  been  tedettuned  hj  Ihe  oonaldentiim 
of  the  position  of  strata.  Among  these  Acts,  the  vdatlon  exist- 
ing between  the  diiection  and  the  indination  of  the  strata  and 
the  unstiatified  iock%  to  whose  presence  the  diange  in  the  posir 
tion  of  the  beds  horn  an  honaontsl  t6  an  inclined,  and  some* 
times  even  to  a  vertieal  situation,  is  now  genraalfy  attribated,  is 
one  of  the  most  conspicuous.  It  is  tmly  by  an  accurate  determi- 
nation  of  the  position  of  the  strata  in  any  mountain-chain  that 
the  real  direction  of  the  line  of  elevation  of  that  chain  or  its  mi- 
neralogi(ial  axis  may  be  determined. 

However,  such  a  dctofminntion  is  not  always  so  easily  aceom- 
])lished  as  it  is  in  mines,  in  quarries,  or  in  snch  place's  where  the 
upper  or  under  surface  of  a  stratum  l)emg  exjxisi d  to  the  view 
of  the  observer,  admits  of  the  immediate  application  of  one  of 
the  different  kinds  of  tliiiomcters  well  known  to  geologists.  In 
high  mountain-chains,  the  real  direction  and  inclination  of  the 
strata  can  only  be  concluded  from  the  examination  of  the  posi- 
tions of  those  lines  which  the  seams  of  the  strata  fonn  upon  the 
ftee  of  abrupt  and  precipitous  rocks^  often  inacoesnble  to  the 
most  hardy  mountaineer.  In  such  cases,  the  inexperienced  ob- 
tierver,  who  would  be  tempted  to  consider  the  dip  of  those  lines 
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or  seams,  as  corrcspondinpf  to  the  true  iticlinatioii  ut  the  plane  of 
the  btruLa,  wuald  bu  eiiLirely  mihleti;  ami  li,  hum  this  supposed 
inclination  of  the  plane,  he  wished  to  ini'er  the  beai  lug  ot  the 
fttiata,  he  would  meet  only  with  the  most  inextricable  oonfudon, 
inatead  of  penseiTiiig  dut  remaricaMe  regtilarity  in  the  difectioii 
of  the  stnta  which  is  so  oonapicaous  in  mountain<chain^  what- 
ever may  be  their  extent 

Saussube,  in  hifl  Agenda,  has  aheady  oautkmed  the  geokgbt 
against  too  hasty  an  in&ranoe  from  the  horiaontality  of  the  Un^ 
of  sintification  on  the  suifiuie  of  a  precipitous  crag :  he  haa 
shown  thtt^  before  pronouncing  a  mountain  to  be  formed  of  hori- 
iontal  stiBta,  it  is  necessary  to  view  it  from  the  extremities  of 
two  lines  crossing  each  other  at  an  angle. 

The  following  considerations  will  show  that  Saussurb's  ob- 
servation is  not  applicable  only  to  the  case  on  which  the  seams 
of  the  strata,  when  observed  from  only  one  side  of  a  mountain, 
appear  horiisontal,  but  that  it  applies  ecpially  well  to  iiichned  hues 
of  stratification,  which  make  witli  the  horwon  an  ai^gie  smaller 
than  the  true  angle  of  dip  of  the  planes. 

Let  us  suppose  a  system  of  parallel  planes  or  strata  more  or 
less  inclined,  into  which  a  section  should  be  made  by  a  vertical 
plane,  whose  direction  or  line  of  common  intersection  with  the 
horizontal  plane  wodd  be  parallel  to  the  direction  of  the  strata 
themselves.  In  such  a  case,  the  seams  of  the  strata  on  the  sur- 
&oe  had  bare  by  the  section  would  appear  boiiaonta).  1^  on  the 
oontnoy*  the  direction  of  the  vertical  section  was  supposed  to  be 
perpendicular  to  the  direction  of  the  strata,  then  the  seams  of 
the  strata  would  exhibit  a  dip  identical  with  the  true  dip  of  the 
plawAB  themselves.  But  between  these  two  limits  an  indefinite 
number  of  vertical  sections  may  be  supposed,  in  which  the  ang^ 
of  dip  of  the  seams  will  vaiy  aoonrding  to  the  direction  of  the 
section.  The  more  this  direction  approaches  to  a  parallelism  with 
the  direction  of  the  atratat  the  lesser  will  be  the  angles  made  fay 
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the  seams  of  the  strata  with  the  horizon ;  the  more,  on  the  con- 
trary, the  direction  of  the  scc  don  approaches  to  be  perpendicu- 
lar to  that  of  the  strata,  the  greater  will  be  the  inclination  of  the 
seams. 

Now,  although  the  ^x>sition  of  the  strata  in  a  mountain-chain 
often  remain  for  a  great  extent  <^  country  invariably  the  same, 
llie  varying  diieetkm  of  tiie  aecadental  seetions  will  make  the 
tines  of  the  BtnlififiBtkm  appear  changing  at  every  step.  Henee 
arises  often  the  mutaken  ideas  that  seems  to  prevail,  that  it  is  of 
little  use  to  notion  or  mark  down  upon  geological  maps,  the  ap- 
parently too  variable  position  of  die  stista.  While  sndi  infop- 
mation  would  be  of  the  greatest  interesti  whenever  qnestioiis 
tdating  to  the  upheaving  of  the  atrata,  and  of  the  cham  itseli^ 
should  happen  to  he  examined* 

Of  some  erroneous  opudons  to  whidi  a  n^lect  of  the  (ne- 
oeding  considerations  may  have  given  lise^  I  shall  on^  notioe  the 
following  instance. 

It  is  well  known  that,  at  some  distance  to  the  sonth-west  of 
Geneva,  the  River  lilione  makes  its  way  thrmierh  the  Tuia  chain 
by  a  narrow  and  rocky  detile.  This  pass  between  the  two  moun- 
taiTi>  Cri  do  and  Varache,  is  named  after  the  Fort  de  TEcluse,  a 
•.luall  luit  >^trong  fortress,  built  in  this  plac-e,  to  guard  this  part  of 
the  French  frontiers.  The  direction  of  the  strata  of  Jura  lime- 
stone, which  have  been  cut  through  to  make  way  for  the  rivei^ 
is  nearly  north  and  south,  and  the  direction  of  the  diannel  in 
whidi  die  river  flows  nearly  east  and  west;  the  dip  of  the  strata 
is  to  the  east;  andif  the  two  hig|i  rocks  whidi  form  the  sides  of 
the  diannel  had  been  eiactly  paralld,  the  directiom  of  this  acd- 
dental  section  would  have  shown,  on  bodi  rides^  a  similar  indi* 
nation  of  the  seams  of  the  strata  eonesponding  with  the  dip  of 
the  strata  themsdves  to  the  east.  But  as  the  canal  is  narrower 
at  its  pastern  extremity  than  at  its  western,  its  two  aides  are  not 
parallel  but  conveige  at  the  entnmoe  towards  the  east  Henoe 
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it.  follows,  that  in  the  diff  on  the  northern  bank  of  the  Rhone, 
the  s^ms  present  an  indiuation  a  little  to  the  south  of  east,  while 
the  aouns  cn  the.  diff  of  the  flonthem  beak  diewe  dip  a  little  to 
the  north  of  east 

Vttm  such  an  appeaianoe  some  obseiven  have  been  led  to 
oonchide^  that  thia  cpemag  in  the  chain  bad  been  piodiieed  by  a 
dipratsion  of  .the  strata.  But  the  lemaria  befiire  stated  show 
that-  such  appearances  are  merely  superficial  and  ext^nal,  and 
that  a  similar  inclination  in  the  lines  of  stratification  does  not  in- 
dicate a  corresponding  inclination  of  the  strata,  but  is  owing 
simply  to  the  mere  accidental  direction  of  the  section  through 
the  stratified  mass.  In  fact,  the  strata  on  both  sides  of  the 
Rhone,  at  the  Fort  de  rEcluse,  althoiigli  they  have  been  traver- 
sed by  a  wide  and  deep  fissure,  entirely  occupied  by  the  waters 
of  the  river,  have  not  experienced  any  change  in  their  original 
direction  and  dip  ;  so  that  tliis  narrow  transversal  valley  cannot 
by  any  means  be  called  a  valley  of  dej)ression.  I  am  convinced 
that  tlie  same  will  be  found  to  he  the  case  with  many  much  lar- 
ger and  much  more  important  transversal  valleys  of  the  Alps, 
which  liave  been  supposed  to  be  formed  by  the  sinking  of  the 
strata  on  both  sides. 

Now,  it  has  occurred  to  me^  that  such  external  appeaianoes  as 
are  the  position  of  the  seams  of  strata  on  the  surfiioeofcli£b»  could 
enable  us,  when.oombmed  together,  to  detennine  the  true  poai- 
tion  of  the  planes  to  which  they  belongs  inasmuch  as  the  posi* 
tion  of  a  plane  is  determined  by  that  of  two  lines  in  the  aune 
pbne. 

I  am  indebted  to  my  learned  friend  M.  Gautier,  Professof 
of  AstroncMny  in  the  Academy  of  Geneva,  for  the  following  exact 
and  complete  solution  of  the  given  problem  by  means  of  alge< 

liraical  formulae. 

The  angles  a  and  a%  which  two  straight  linet;  form  with  their 
horizontal  projection,  being  given,  as  well  as  (lie  angles  ^  and 
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which  these  projections  form  with  a  &Ked  horizontal  axis,  there 
will  be  determined,  1  st,  the  angle  y  comprised  between  the  plane 
pasRing  through  the  two  Straight  lines  and  the  homontal  plane 
by  the  fonuula. 

sill  (a'  +  a)  cos<p 
*"*  ''^  ^  C08  a'  cos  a  sin      —  /9) 

^  being  an  auxiliary  anglei  such  that 

9df  the  BBife  «  comprised  between  the  Hne  of  hitenectum  of  the 
two  fdanes  and  the  fixed  axis  by  the  fiwrniila 


in  whieh  ereiy  thing  is  known  except  m,  when  y  has  already  been 
detennined. 


It  will  be  readily  pcrcdived  that  this  solution,  howevar 
fiwtoiy  it  may  be  in  a  theoretical  point  of  view,  will  never  be 
advantageously  employed  in  practice,  on  account  of  its  presup* 
posing  that  the  d/itn  given  by  actual  observation  should  be  of  the 

nicest  nrniracy.  The  lueasurement  of  the  anizlr  of  dip  of  the 
linos  of  stratification,  and  of  the  angle  which  the  lini  izontal  |)ro- 
jection  of  these  hnes  make  witli  the  magnetic  meridian,  espe- 
cially when  taken  at  a  distance,  can  never  reach  the  degree  of 
accuracy  required  by  the  nature  of  the  formula'  employed. 

In  such  a  case,  practical  geometry,  or  tliat  system  of  combined 
projections  which  is  known  in  French  under  the  name  of  Geome- 
tric descriptive,  requiring  less  perfect  dbAi,  will  be  in  general  better 
adapted  to  the  imperfect  means  wbidi  the  geologist  possenee 
fer  aecertaining  the  dbta  nqniied*  at  the  same  time  wQI 
ffure  feaults  adBciently  aoeuxate  fer  the  pieaent  purposes  of  ^ 
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M.  DuFOL  R  of  Geneva,  well  known  by  his  writings  as  a  mili- 
tary engineer,  has,  at  ray  request,  pointed  out  to  me  the  simple 
graphical  process  which  I  am  now  to  explain,  and  which  may  be 
employed  in  all  cases  whatever,  where  the  position  of  two  line* 
in  the  same  plane  is  given. 

The  data  in  this  case  are  the  same  as  in  the  preceding,  viz. 
the  angles  which  two  seams  of  the  strata  taken  in  two  different 
sections  of  the  rock,  make  with  their  horizontal  projection,  and 
the  angle  which  each  of  these  projections  make  with  the  mag- 
netic or  with  the  true  meridian. 

To  determine  with  the  aid  of  these  datn  the  true  dip  and  di- 
rection of  the  plane,  it  is  necessary,  first,  to  bring  the  angles  into 
the  same  horizontal  plane,  then  through  the  intersection  of  two 
vertical  planes  passing  through  the  horizontal  projections  of  the 
seams,  to  draw  a  vertical  plane.  This  plane  will  cut  the  plane 
containing  the  two  seams,  and  the  horizontal  plane,  at  an  angle, 
which  is  the  angle  required. 


Fig.  1. 


In  Fig.  1.  the  vertical  plane  a  i  G  is  placed  parallel  to  the 
horizontal  projection  A  B  of  one  of  the  seams,    llie  point  A  is 
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first  to  be  projected  vertically  as  well  as  the  angle  G  o  A,  ^vhich 
the  seam  having;  for  its  horizontal  projection  the  line  A  B  niukes 
with  the  horizon. 

The  known  angle  ECF,  which  is  seen  drawn  on  the  hoii- 
aontal  plane,  is  to  be  projected  ▼erIicaUy ;  finrirtudi  operatimi  k 
IB  neoeaaaij  that  it  should  be  made  to  turn  upon  DC  till  it 
should  be  letunied  in  its  true  position,  tiien  the  point  £  will  be 
piojected  horiaontally  in  F  and  vertieally  in  The  line  e/will 
be  the  vertical  projection  of  EF,  and  the  angle  e  c/wiU  be  the 
▼ertical  projection  of  the  angi^  ECF. 

Two  TCftical  planes  are  th«i  drawn  through  the  horiiontal 
projections  of  the  seams,  and  the  intersection  of  titeee  two  pknes, 
which  is  a  line  perpendicular  to  the  horizontal  plane,  is  vertically 
projected  according  to  the  line  m  n.  The  point  where  the  line 
m  n  meets  with  the  line  a  b  will  be  the  vertical  pn^ection  of  the 
point  where  the  two  horizontal  projections  of  the  seams  meet. 

The  point  >•  being  common  to  the  two  lines,  the  angle  ecf 
is  made  to  slult  till  the  line  he  meets  the  jioint  #.  The  angles 
will  be  then  ni  the  same  plane,  ^nthout  their  size  being  altered. 

Tlie  point  G  being  projected  in  g,  the  point  where  the  seam, 
having  tor  its  horizontal  projection  the  line  DC,  cuts  the  horizon- 
tal plane,  will  be  found,  and  Xg  will  be  a  horizonlMl  line  drawn 
\x\ioi\  the  plane  passing  tlirough  the  two  seatuii,  or,  in  other  words, 
will  be  the  true  direction  of  the  strata, 

Nothing  remains  now  but  to  find  the  angle  of  dip^  which 
wiU  be  easily  obtained  in  drawing  a  line  perpendicular  to  the 
direction  or  tine  A^,  and  passing  through  the  line  of  intersection. 
Its  horiiontal  projection  wiU  be  found  in  drawing  from  the  point 
M  tiie  perpendicular  NP,  so  that  a  triai^  will  be  finmed,  of 
whidi  two  sides  are  known,  vis.  SN  and  PN»  iriiidi  will  be 
brought  to  np,  and  the  angjle  ^pn  will  be  the  angle  made  witii 
the  horizon  by  the  plane  passing  through  the  two  seams*  PN 
will  be  the  hoiiiontd  projection  of  the  dip.. 
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The  Figures  and  3.  are  intended  to  show,  tliat  whatsoi'M  r 
may  be  the  direction  of  the  horizontal  ))rojection  of  the  seams, 
and  whatever  may  be  the  position  of  the  vertical  plane  of  the  draw- 
ing in  relation  to  these  projections,  the  same  process  will  lead  to 
the  wished-for  result 
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Fig.  4.  shows  the  operation  which  takes  place,  in  case  of  the  true 
direction  of  the  strata  bein^  one  of  the  given  lines  of  stratifica- 
tion, or  seams,  in  such  a  case  where  the  angle  made  by  this  Hne 
with  its  horizontal  projection  =  0,  the  process  is  much  simplified, 
although  always  carried  on  according  to  the  same  principle.  The 
same  letters  being  used  in  all  the  four  figures,  to  denote  the  ana- 
logous points,  the  explanation  above  ^ven  will  apply  to  them 
alL 

Although  this  last  way  of  resolving  the  problem  did  not  re- 
quire any  more  precise  data  than  those  which  the  less  skilled  ob- 
server can  easily  obtain  in  confining  himself  to  the  simple  use  of 
the  compass  and  the  plumb-line  ;  and  although  this  proceeding 
requires  but  a  little  attention,  and  the  use  of  the  most  elementary 
processes  of  geometry,  it  is  nevertheless  to  be  feared  that  the 
practical  geologist,  to  whose  care  the  solutions  of  such  often  im- 
portant problems  are  trusted,  would  often  think  it  too  long  and 
too  complicated  a  method  to  be  prevailed  upon  to  use  it. 

Such  an  idea,  and  at  the  same  time  the  wish  that  numerous 
and  accurate  observations  of  the  position  of  the  strata  should  be 
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giTen  by  all  those  who  hare  the  opportunity  of  maldiig  geokigl- 
cal  obswvatioiit  in  any  part  <rf*  the  world,  has  induced  me  to  con- 
trive a  veiy  simple  medianical  ai^pasatus,  by  which  all  sudi  piob- 
lems  could  be  easily,  and  in  a  very  short  tim^  solved.  It  is  this 
instrument  which  I  call  the  Cfinoniefnaif  C«mpa»,  of  which  I 
am  now  to  give  the  description,  at  the  same  time  that  I  have 
the  honour  to  lay  it  befine  the  Royal  Sodely. 


This  msirunient  is  coniposeil  of  a  circular  j)latc  of  brass  AB, 
divided  in  thirty-two  parts,  corrcspondin«»  to  us  many  points  of 
the  compass.  A  .scmu  iu;ulur  pluU'  oi  hras.s  IC,  concentric  to  the 
above  mentioned  circle,  is  made  to  turn  upon  it  around  tiie  cuui- 
mon  centre.  Hits  semidvde  is  also  divided  by  fines  in  sixteen  di- 
visions, exactly  corresponding  to  those  of  the  under  dide.  A 
semidrcular  portion  of  a  ring  of  brass  E,  concentric  with  both 
platef^  is  connected  by  a  binge  F,  with  the  diameter  of  the  semi- 
circular plate,  in  such  a  way  that  the  diameter  of  this  plate  and 
that  of  the  half  ring  are  made  to  coincide  in  the  hinge.  In  this 
mannar  the  ring  may  be  moved  upwards  or  downward^  so  as  to 
take  any  indination  whatever  upon  the  horizontal  plane,  or  upon 
the  plane  of  the  lower  circular  plate,  by  whidi  the  horiaontal 
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plane  ib  x^resented,  and  at  the  same  time  it  may  be  made  to  ze- 
yolve  round  the  centre  of  the  msfcniment,  so  as  to  be  placed  in 
any  required  position  relatively  to  any  of  the  points  of  the  com- 

pBflS. 

In  such  a  state  of  things,  the  half  ring  n-ill  represent  the  plane 
of  a  stratum,  its  hinge  the  direction  of  the  stratum,  or  its  com- 
mon intersection  with  the  horizontal  ])lane.  And  all  the  imagi- 
nary lines  which  may  be  drawn  from  the  centre  of  the  instru- 
ment to  the  circumference  of  the  rinj*  represent  all  tlie  possible 
sections  which  may  be  made  by  vertical  plant's  in  the  plane  of 
the  stratum,  and  so  correspond  exactly  to  the  scums  or  lines  ot 
stratification  often  mentioned  above.  The  divisions  on  the  semi- 
circular plate  under  the  half  ring  will  represent  the  horizontal 
projectbn  those  lines  which  coincide  with  the  given  divisions 
of  the  compass. 

Now,  by  means  of  a  graduated  arc,  appHed  perpendiculariy 
to  the  plane  of  the  semidide,  and  touched  in  one  point  by  the 
sharpmed  interior  edge  of  the  half  ring^  we  will  be  aUe  to  mea- 
sure the  ang^e  made  by  any  line  in  the  plane  of  the  half  ring 
with  its  horiaontal  prelection. 

I  am  indebted  to  Mr  Adze,  member  <tf  Una  Society,  finr  a 
material  improvement,  that  of  substituting  a  simjde  half  ling^ 
such  as  I  have  described,  for  a  semicircular  plate  traversed  hy 
fissures^  by  which  I  had  at  first  thought  of  representing  the 
plane  of  the  stratum.  To  him  also  is  due  the  oontrivanoe  by 
which  the  centre  of  the  (HvidpJ  arc  is  made  to  coincide  with 
tliat  of  the  instrument,  and  the  arc  itself  to  '^tand  vertically, 
which  is  absolutely  neecssary  in  all  cases,  i'  or  these  purposes,  a 
small  projecting  pm  occupies  the  reiitrc  of  the  instrument,  nnd 
is  received  into  a  small  hole  conr-ponding  to  the  ceuin  ot  the 
protractor,  v.hilo  a  smaU  supj>orL  tixed  at  a  point  ot  its  diameter 
contributes  also  in  keeping  it  in  a  vertical  position. 

An  instance  will  now  show  the  mode  of  using  the  instrument, 
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yfftadk,  fhoiig^  it  may  be  thought  at  tint  latlier  oonidicatod,  ^ 
soon  be  attained  by  a  little  pracUoe^  and  found  veiy  nmple* 

Let  the  ^ven  lines  or  seams  be, 

Ist,  A  line  dipping  45"  S.  b.     or  rinng  45"  N.  b.  W.,  whidi 

is  the  same  thing. 
Sd,  A  line  dipping  56"  E.  b.      or  liniig  the  eame  number 

of  degrees  W.  b.  & 

We  have,  first,  to  observe,  tliat.  as  lias  been  said  before,  the 
hinge  or  diameter  of  the  )>rass  semicircle  correspond  to  the  di- 
rectio!!  of  the  stratum,  m  which  direction  ail  ttie  seams  appear 
horizontal.  Secondly,  that  the  line  marked  on  the  semicircle 
peiptiidicularly  to  the  hinge  or  diameter,  is  the  horizontal  pro- 
jection of  the  true  line  of  di])  or  inclination  of  the  stratum,  and 
that  this  true  line  of  dip  is»  of  all  the  lines  which  may  be  drawn 
in  the  plan^  that  idiich  makes  the  greatest  angle  with  its  hon- 
aontal  projection.  The  horiscmtal  projection  of  this  line  perp^ 
dicuhr  to  the  hinge  I  shall  name  the  Jndejf  Line. 

Now,  we  must  begin  by  supposinj^  that,  of  the  two  lines 
giren,  the  one  that  dips  with  the  greater  angle  may  be  the  true 
line  of  d^  and  aoeordingly  we  will  direct  the  index  line  to  the 
W.  b.  S.  of  the  brass  circle;  then  plaong  the  protractor  vertically 
on  the  index  line^  we  will  move  upwards  the  half  ring  till  its 
sharpened  edge  comes  in  contact  with  the  56t}\  degree  of  the 
verdeal  arc.  Looking  then  to  the  direction  of  the  other  given 
line^  or  to  the  N.  b.  W.  of  the  compass,  and  moving  the  protract 
tor  around  the  centre  till  it  comes  to  be  vertical  ti|>on  this  line, 
we  will  look  whether  the  edge  of  the  ring  touclies  its  4  >th 
decree,  for,  in  that  case,  the  position  of  the  ring  Avould  cor- 
respond L  tly  to  that  of  the  required  plane.  But,  in  tlie  pre- 
sent instance,  it  is  not  nece,«*.ar)  even  to  move  the  protractor  tx? 
see  that  the  N.  b,  VV.  line  i&  that  which  corresponds  to  th^  dia- 
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metai^  aad  in  oonaequMioe  to  tlw  diractm 
in  dus  caie  the  gnen  Une^  ineteid  of  iSBUig  46*  above  ikb  haa- 
warn,  oi]|^t  to  be  horiMmtaL  The  podtioii  of  the  nng  does  not 
then  ooRetpond  to  the  position  of  the  required  plane.  This 
fint  opeiation  teaches  us  two  things,  Ist,  That  the  an^  of  dip 
is  greater  than  56°,  so  that  the  half  ring  may  be  made  to  turn  up. 
wards  upon  its  hinge.  2d,  That  the  semicirdc  ought  to  tmrn 
upon  its  centre,  in  such  a  way  that  the  index  line  shall  move 
gradually  towards  the  west,  and  afterwards  towards  the  north,  in 
order  to  bnng  the  N.  b.  W.  line  nearer  to  that  of  the  true  dip^ 
to  get  a  line  or  f^enm  of  a  greater  angle  of  inclination. 

Let  us  then  raise  the  half  ring  two  degrees  more,  and  turn 
the  semicircle  two  points  of  the  compass  towards  the  N.W^  so 
that  the  index  line  will  correspond  to  the  W.  b.  N.  The  dip  of 
the  line  corresponding  to  the  W.  b.  S.  ifrill  still  be  56** ;  and  if  that 
of  the  line  corresponding  to  the  N.  b.  W.  be  45^  we  shall  have 
fiMind  the  trae  plane,  directed  from  N.  k  £.  to  S.  b.  W.,  and 
rifling  5ff  towaids  the  W.  h^  N.  Let  then  the  prottaetor  be 
placed  vertically  on  the  line  N.  b.  the  an|^  found  being  34' 
instead  c£45%  we  shall  have  still  to  raise  the  half  ring,  and  move 
the  semiraide  in  the  same  direction  as  before. 

In  raising  the  half  ring  to  60^,  and  pointing  the  index  line 
to  W.N.W.,  we  shall  find  a  dip  of  45*  on  the  N.  b.  W.  line^ 
and  of  66*  on  the  W.  b.  S.  one,  corresponding  with  our  data.  So 
that  we  shall  have  determined  the  direction  of  the  Stratum  to  be 
SS.W.  and  N.N.H.,  and  its  inclination  60°  rising  to  the  W. 
N.W.  or  dipping  to  the  E.N.E. 

If  the  direction  of  the  plane,  or  that  of  a  horizontal  seam 
S.S.W.  and  N.N.I*!.,  had  Ix'en  one  of  the  given  lineia,  the  opera- 
tion would  Imve  been  much  simplified;  it  would  have  been  re- 
quired only  to  l)iing  the  hinge  in  that  direction,  remembering, 
however,  that  the  oti.er  given  point  of  the  compass  should  be 
comprised  in  the  points  embraced  in  the  semicircle ;  then  to 
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pkoe  the  protractor  verticdly  on  the  N.  b.  W.  line,  for  instancy 
and  to  raise  the  half  riDg  till  it  should  touch  the  45th  degree ; 
finally,  to  place  the  protractor  on  the  index  line,  indicating  the 
rise  to  be  towards  the  W.N.W.,  and  to  note  the  angle  =  60^. 

We  hope  that  this  simple  little  mechanical  contrivance  will 
be  of  use  to  the  practical  geolo^st,  wlio  may  not  have  the  means 
or  leisure  to  use  the  more  accurate  modes  of  determination 
before  describeil.  The  habit  which  he  will  acquire  ot  jjjiving 
his  attention  to  obsenfations  connected  with  this  subject  of  in- 
quirv,  vnW  enable  him  not  only  to  ascertain  in  all  cases  the  exact 
jK)sition  of  the  strata  whenever  they  are  real  planes,  but  also  to 
discover  when  two  distinct  seta  of  strata  are  lying  in  the  Siime 
plane,  and  if  not,  to  recognise  modes,  hitherto  little  attended  to, 
of  nnoonfonnable  stratifioation. 

Fmally,  ahhough  all  the  modes  of  detenninatum  above  alhid- 
ed  to  are  only  appropriated  to  the  plane  strata,  the  readiness  of 
tact  and  eye-sight  which  such  consideiations  wiU  have  given  to 
the  geologiaf^  will  not  be  without  us^  when  he  shall  have  to 
study  the  waving  d^wsition  of  strata  with  curved  surface^  whe- 
ther they  are  parts  of  paralld  portions  df  cylinders  with  thdr 
axes  horizontal,  in  which  case  the  seams  parallel  to  these  axes 
or  the  direction  will  also  appear  horizontal,  as  is  observed  in  that 
part  of  the  Lammermuir  Hills  which  forms  the  coast  of  Berwick, 
shire  ;  or  whether  they  are  parts  of  oblique  cylinders  with  their 
axes  incH?!o<l  to  the  horizon,  in  which  case  there  is  no  seam  which 
(Sin  apjit  ir  horizontal,  liecause  there  is  a  dip  even  in  the  direc- 
tion of  tlu  bearing.  Of  this  case  the  Alps  show  an  amazing  va- 
riety of  instances,  among  wlncii  the  more  or  less  dismantled  o!)- 
lajue  cylindrical  structure  oi'the  Mount  Salevenear  Oenevji,  and 
of  the  whole  muunlain  group  on  the  southern  l)ank  of  the  Arve. 
between  Bonneville  and  Sallenches,  are  the  moi«t  instructive  and 
worthy  oi'  remark. 
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Ab  it  is  necessary  that  the  protractor  should  stand  fiecieotly 
Tertkalf  another  uiDdc  of  adjusting  it  to  the  centre  of  the  instni- 
ment  must  be  devised,  instead  of  that  which  is  alluded  to  in  the 
paper,  and  exeinplified  by  the  instrnmrnt  it<-clf.  For  this  pur- 
pose two  different  methods  may  be  adopted.  'Dun iiM  is  repre- 
sented in  the  annexed  iigurc ;  the  biasa mda  Aii  01  a  ^  shouUi 


bear  as  its  central  part  a  soUd  brass  cylinder  /"  of  at  leaat  t^vo  or 
three  lines  in  U u^th,  and  one  or  two  in  diameter,  it  would  be 
received  in  a  hole  ^  of  the  same  diameter  in  the  half  cirde  ed. 
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And  the  protractor  gh  would  have  at  its  central  part  a  hollow 
tube  A  fittiiig  exactly  to  the  cylinder  r  of  the  brass  drcle  a6. 

The  second  methodt  which  is  still  better,  and  has  been  sug- 
gested to  me  by  Mr  Robisok,  is  that  of  adapting  the  brass  cylin- 
der at  the  centre  L  or  /  of  the  protractor.  This  cylinder  should 
be  made  to  enter  into  a  brass  cylindrical  tube  occupying  the 
centre  ^  of  the  half  circle  c  d,  and  projecting  under  the  half 
circle  to  a  length  equal  to  the  thickness  of  the  brass  circle  A  B 
or  a  b.  This  tube  would  be  received  in  a  hole  of  equal  aixe  oor- 
respouding  to  the  central  part  If'  of  the  circle  a6. 
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On  the  £(pialions  of  Loci  traced  upon  the  Surface  of  the  Sphere^ 
as  expressed  by  Spherical  Co-ordinates.  By  Tjiomas  Ste- 
phens DavieSi  Esq.  F.  R,S.  LoKD.  &  £o.  F.  R.  A.  S. 

Dir&iifo  the  researches  vdiich  I  have  made  upon  this  snhfeet 
flinoe  the  compodtioii  of  my  £>imer  paper,  printed  in  the  fint 
Part  cf  this  Volume  so  many  and  so  Taried  inquiries  aririn^ 
out  of  it»  and  esBenttally  eonnected  with  it,  have  presented 
thNDsdveSf  that  I  have  been  compelled  to  make  a  total  dm^ 
in  the  pfam  I  had  then  hud  down  for  the  completiim  of  the 
present  section  of  ray  communication.  I  found  that  many  gub- 
jects  to  which  I  there  alluded  might,  with  propriety,  be  omit^ 
ted  in  the  present  case^  as  constituting  little  more,  in  reference 
to  principles*  than  iUustiations,  however  interesting  they  might 
be  when  viewed  as  properties  of  geometrical  figures.  On  this 
ground,  therefore,  I  have  cancelled  a  considerable  number  of  pro- 
perties of  the  Spherical  Conic  Sections,  and  retained  only  one  or 
two  tor  the  purpose  of  illu8tratin<?  the  nictho<I  of  discusaing  the 
properties  of  tliose  curves.  The  remarks  I  intended  to  make 
upon  the  siiip^ular  points  of  spherical  curves,  the  geometrical  sig- 
ndieation  oi  certain  symbols,  and  other  inquiries  collateral  to 
these,  have  grow-n  into  systems  of  themselves,  or  lu  (  n  ultaclied 
to  other  dissertations  (either  wholly  or  pai  Lially  completed),  to 
which  they  seemed  to  be  as  closely  allied  as  even  to  the  present 
subject  From  this  paper,  too,  as  originally  written,  I  have  ab> 
sfciaoted  oonaderaMe  portions,  ammigst  whidi  are  three  distinct 
dasses  of  spherical  research ;  and  I  have  hesee  confined  myself  to 
the  essential  parts  that  belong  to  the  sufajeet  of  spherical  oo-or- 
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dinatc?.  under  the  aspect  which  they  presented  to  my  mind  in 
the  first  place.  Other  methods  have  since  exhibited  themselves, 
and  the  application  of  analogous  methods  to  otlier  surfaces  be- 
sides the  sphere ;  but  I  cannot  enter  upon  them  here,  though  I 
have  developed  them  to  a  considerable  extent,  and  appUed  them 
to  a  variety  of  purposes.  The  employment  of  my  method  of 
spherical  geometry  to  p/iysical  inquiries  has  not  e&caped  my  at- 
tention ;  and  I  look  fimvazd  with  great  confidence  to  its  iuruisb- 
ing  its  aid  to  many  InanclieB  of  natuzal  philosophy,  so  « to  eom- 
pletely  lemodd  the  wiatJiBmaticai  methods  of  oondocting  thoie 
researcheSk 

Owing  to  aereie  iadiiporitionf  whkh  presented  my  giving  pro- 
per attention  to  Ihe  prwtf-AM  when  my  former  paper  was 
transmitted  to  me  from  Edinburgh,  several  errata  have  oocuned, 
and  I  hero  take  the  opportomty  of  indicating  the  corrections. 
I  have  also  added  a  few  emendations  of  passages  in  that  paper, 
supplied  certain  material  omianonSt  and  ooraected  one  finidty 
process  that  occurs  there. 

I  ought  also  to  add,  that  t^ie  jirescnt  p;iper  was  written  in  its 
iniabrid^red  state  more  than  three  mouths  ago ;  and  that  in  the 
preparation  of  it  for  the  Royal  Society,  no  addition  or  alteration 
has  !  >ei  n  made,  except  what  is  merely  verbal,  the  omissions  alone 
excepted. 

Bath,  Feb.  «4.  1883- 
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EQUATIONS  OF  TANGENTS,  &c. 

Hitherto  our  attention  has  been  directed  chiefly  to  those  loci  which  ful- 
fil certain  definite  conditions,  but  which  ^vere  nevertheless  capable  of  being 
discussal  with  vcrj^  slight  appeal  to  the  higher  calculus.  We  shall  now 
procectl,  however,  to  employ  the  differential  and  integral  calculus  for  all 
those  purposes  in  sphcero,  which  are  m  any  way  analogous  to  the  uses  which 
they  liave  fulfilled  in  the  geometry  of  rectilinear  aud  polar  co-ordiuiitcs, 
botli  in  two  and  three  dimensions.  The  value  of  any  system  of  conducting 
an  inquiry  must  be  determined  by  its  efficiency  and  its  simplicity  a>iiibined, 
and  these  arc  qualities  which  can  only  be  determined  by  direct  experiment 
In  onler,  then,  to  acoompliah  this  porpoie  in  the  most  effectual  manner,  we 
dnU  deduce  a  seiiet  of  fimnnbt  fir  thst  elementuy  exprcsdai  lAieh  enlen 
into  all  these  inqniiiei  ag  a  fnndamental  tenn— I  mean  die  inclinatiiwi  cf 
the  tangent  of  a  cnive  to  tiie  iadittB>Teetflr  in  polar  eurre^  and  to  die  aas 
of  oo-oidinates  in  the  other  caie.  We  aball  tiien  he  able  to  find  eiqpres' 
nona  fir  the  Tarious  linee  that  ean  be  dxairo  in  apedfie  modes  relative  to 
the  tangent  at  a  spedficpMOt  of  die  earre,  m  case  both  of  leetangdar  and 
polar  equations^  and  the  equations  of  the  tangent  and  the  normal  in  le- 
ftrence  to  evoy  Idnd  of  oo-ordinate  axes  that  we  have  discussed.  From  the 
results  thus  furnished,  we  shall  he  able  to  seleet  the  most  advantagieoua  fir 
the  particular  inquiries  we  may  be  engaged  in,  as  well  as  deduce  some  ge- 
neral principles  to  guide  us  in  the  choke  of  tbp  ecM>rdinate8  which  offer  the 
best  prospect  of  beooming  suoeessfid  in  any  qecific  dass  of  loci  we  may 
wish  to  investigate. 

We  shall  coiiiihL  iice  by  meam  of  polar  cu-oi  dinales. 

1 .  Let  /((^  0)  =  0  be  the  ixjlar  equation  of  a  spherical  curve ;  then,  if 
t)  be  the  increment  which  6  (the  independent  variable)  r^^ves,  the  corre- 
sponding value  of  <p  becomes,  by  Tatlob's  Theorem, 

8c5i 
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The  6  in  this  is  measured  on  a  circle  whose  polar  distance  is  <p  ;  but  if  we 
wish  to  substitute  for  it  the  6  of  the  equator,  the  latter  6  and  its  differen- 
tials must  be  multiplied  by  sin  ^  and  its  powers  corresponding  with  the 
powers  of  the  several  differentials  themselves  in  the  denominator.  Then  (1.) 
will  be  changed  into 

^ sm<j>de  '  l"*'sin«0t/0»  •  1.2'^8in'0d^  ■  1.2.3"^ 

2.  To  Jind  the  inclination  of  a  given  chord  of  a  spherical  curve  to 
the  radii'Vectores  of  its  extremities. 

Let  MN  be  the  chord;  PM  :^</>;  PN  =<^';  EPM  =  6,  and  KPN  =  ^. 


Then,  by  spherics, 


tan  PMN  = 


sin 


•ot  (p'  .nin  (f>  —  cos  & —  6  coh  <p 

 sin  & — 6  sin  <p'  

cos  (pf  sin  (p  —  co»  <f>  sin  <P'  cos  & — 6 


(3) 


But  cos^— 0  =  1  —  2  sin*  ^  & — 6,  which  inserted  in  (8.)  converts  it  into 
tan  PMN  = 


sin  0'  sin  & — 6 


sin  <pf — fp  —  2  sin  0'  cos  ^  sin*  ^& — 6 


(♦•) 


3.  From  this  xcc  can  fnd  the  inclination  of  the  radius-vector  to  the 
tangent. 

Let  a-— 0be  put  =  n.  Then,  by  Tayloh's  Theorem,  (xliii.  1.).  (4  ) 
becomes 


tan  PMN  =  . 
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am 


Now,  as  q  is  diminished,  tan  PMN  approximates  towards  ^ . 

^  sin  <i0  » 

and  at  the  limit  we  have  actually 


(6.) 


putting  d(f)  and  dd  for  sin</»  and  sin  Hence,  in  reference  to  the  case  of 
ultimate  approximation  of  PM  and  FN  (that  is,  when  they  are  coalescing, 
as  at  M),  we  have 


t«nPMS  =  ^^  (7.) 

which  is  the  same  result  as  wc  obtained  as  that  wliich  has  been  long  well 
known  by  those  geometers  who  have  treated  of  the  length  of  the  loxodrome  *, 
and  which  has  been  used  in  my  paper  (xvi.  2.) 


*  So  far  M  I  htLVv  lH>en  iible  to  discorer,  this  formula  is  due  to  Euler,  who  (>tiiploy«>d 
ii  in  a  paper  on  "  Spherical  TrigonomeUy,  by  the  method  of  maxima  and  mituma,"  in  tke 
Berlin  Memoirs  for  1753,  p.  226.  It  ia  very  remarkable  how  near  Kulkr  approached,  in 
the  passafrc  here  referred  to,  to  the  mctluMl  of  !<phericjd  co-ordinatcit,  such  as  we  have  here 
developed ;  and  yet  he  does  not  seem  to  have  entertained  the  slightest  notion  that  such  a 
method  of  investigation  waa  capable  of  general  application.  Had  it  once  occurred  to  hii> 
mind,  there  is  no  doubt  that  Spherical  Geometry  wouhl  luive  been  in  a  much  more  ad- 
vanced state  than  it  now  is.  Its  principles  have  been  fully  developed,  and  its  prmlit-e 
rendered  familiar  as  a  branch  of  elementary  study. 
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From  this  formula,  expressions  for  all  the  great  circles,  segments,  and 
spherical  angles  that  enter  into  the  figure,  will  be  presently  derived. 

XXXIX. 

The  several  other  parts  of  the  figure  may  be  obtained  by  the  simple  ap- 
plication of  Napier's  rules  to  the  right-angled  triangles  that  constitute 
the  system  of  mutually  dependent  quantities.  The  manner  of  obtaining 
them  is  so  obvious,  that  I  shall  omit  all  indication  of  it  here,  and  merely 
tabulate  the  results  for  the  purpose  of  reference  in  future  inquiries. 


1st,  Eqiiatoreal  or  Geographical  Co-ordinates. 

Let  PE,  KK  be  the  axes  of  co-ordinates,  that  is,  the  meridian  and  equ»> 
tor  of  reference.  Then,  MK  being  the  tangent  at  M  to  a  spherical  cxirve, 
and  MW  tlic  normal,  if  we  put  KT  =  6,,  and  TM  =  (/)„  we  shall  obtain 
Table  I. 
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TABLE  I. 

PABTS  OF  TH£  FIGURE  BBPBRHED  TO  GEOGRAPHICAL  C0«1U>INATS& 


TMK 


—  dp 


'      *.  « •  J 


"•ft*. 


TKM 


/<i         ri»:-ip,  gin*  ip^rff" 


+  iiSftin;  


WMT 


■j-  COS  ^,<", 


MWT 


d9*  +  iiSS^t}~ 


TK 


dp* 


^/dp/+  tm*p^  a»»f,d</ 


MK 


•J. 


(dp*  ■j-erf»,rfl»)mi»»,  —tio»p,dp, 


_JSpTT^J^ 
«*ft3ft 


—  <sill  ip//?, 


Van*  f,dj>/  +  eos^  ip,d*/ 


tan 


^dp*+ COS*  p,dt; 


To  adi^  then  qumtitiea  to  the  ease  of  polar  or  aatnnioinieal  oHitdinete^ 
lefated  to  pole  P»  and  prime  mfsridian  FB,  we  have  only  to  dhange  ^,uito 


^  —  aud  cancel  the  subscribed  accent  from  0,-  This  iuterchangeii  sin  (p 
and  C08  ^ ;  and  also     mid  — ><^^  or  all  the  signs  in  the  above  Table  be- 


come 
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Sd,  Referred  to  Aslrtmiiinad  or  Poiar  Co-ordinatet. 

Let  P  and  PE  be  the  pole  and  meridian  of  reference ;  then,  if  the  perpen- 
diculars PL,  PV,  and  SPX  be  drawn  to  the  tangent,  normal  and  rrulius-vec- 
tor  (that  is,  to  MS,  MX,  and  MTl  wr  shn]\  Imv.-  PS,  PX  the  subtangent 
and  subnormal,  and  PL,  PV^  the  perpendicular  from  the  pole  ujwn  tlie  tan- 
gent and  normal.  Put  EPM=f  and  PM=r0.  Then  the  values  of  the 
severai  functions  of  the  parts  of  the  figure  will  be  as  in  the  following  Table. 


TABLE  n. 

PARTS  BIXATIVE  TO  THE  TANGENT. 


LPM 

Kin  f  at*  fidi 

Vrfp*^  sill*  f~co8'  fdt' 

PSM 

Jdf^  +  MS*  «c(f 

con  f  »in  f  (^tl 
^df+difjd^ 

Jrf<>^.+  sin«frf#' 

SMP 

'If 

»/df^ +  na*f  di* 

if 

ML 

tmfdp 

iJ4f^  +  §b/f>  w»*fd*' 

V    d9^  +  9UfptQfpdP 

MS 

vm^df 

f{d^  +  8b»  f  rf #»)  «n«p 

Jd^-^  duff  dm 

<JdfP  +  dn*fdP 

van  f  dp 

PS 

voi*  fdt 

tU^fdi 

Jdf  +  ib«  fd0 

Jd^-^mffdi^ 

PL 

sin'  ^dt 

^/df-\-coi?ifiAn*ipdfi 

■in*  ^dS 

^dl^  +  ^fdf 

V  df-k-mPfd^ 

iJd^-^taPfduffd^ 
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TABLE  ll.-rfMc/udtd. 
PARTS  RELATIVE  TO  THE  NORMAL. 


1  1 

'*«Ti.    1                     MXE.                     [  cosiifi:. 

f 

j  TAJfOEKT. 

MPV 

ijiii  t(i^ 

,            tf(s  pd: 

1 

tau  f 

^cfxi'pdf)*  +  mx^fdP 

j      n'cos'  pdp'  +  sill-  f  rf^i 

MXP 

/(df  +  di-')  mi*f> 

CO*  tdp 

^'df^dj^ 

^   dp'  +  sin^pdf 

s'dp*  -f  sin- f  rftf* 

cot  f 

PMX 

dp 

Hill 

'/df!''+«a*pdi' 

Kin  pdi 

MV 

nv?pdi 
•Jmsx^  fdd  +  «»'  pdp* 

/        +  Hin^*  pdd^)  cmf  p 
^    niii*  pdi-  +  cos*  frff* 

tall  f  «in  pdi 

s'dp-'  +  sin^  ^t/j' 

MX 

Idf  +  Mii'fdi' 
^      dp*  +  d6> 

C08  pdi 

s'dp'  +  rf*^' 

cos  tdi 

PV 

gin  pdp 

Kin 

s'd  *  -1-  *m*pdfi 

^      rff  <  +  Kin'  f  rf*! 

PX 

dp 

1 

di 

di 
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XL 


Thf  tqiiutiuns  of  I  In'  Inui^ent  ami  imnuul  to  a  sphcncal  vunc  re- 
ferrcd  to  polar  cowdhmtes. 


1.  The  tniiffent  SMK  nt  the  point  M,or  <pi'  &. 


J^et  the  astronofnical  co-orclinatcs  be  PE  and  EPM.  Correcting 
the  sign  of  sin  0  in  xi.  9.  as  directed  at  p.  35,  putting  for  a  j9  their  value 
in  the  present  case  </>'  & ;  and  for  sin  f ,  cos  t,  their  values  in  terms  of  & 
furnished  by  Table  II.  of  section  xxxix. :  then  we  shall  have  for  the  equa- 
tion of  the  tangent 

(    —  cos  6  (sin  13  cos  €  +  sin  f  cos  ,5  cos  a)  ) 
ii>t0=  —  coseca  co»ecc-<  ■   a.      o  ■   o        x  f 

(     +  Mn  V  (cos  p  COS  <  —  sin  (  sin  p  cos  a)  ) 


(  —  cos  6  (sin  &  '-^  -I-  0O8  &  sin  <p'  cos  (p') 
=  —        cosec'  <p  ' 


\ 


+  sin  6  (cos  &       —  sin  &  sin  0'  cos  0  ) 


(1.) 


and  this  is  readily  changed  into  the  form, 
—  sin  6*'—  6  '-^^  +  COS  tJ*  —  dsin(P'  cos  0'  +  sin*  0'  cot  (^  =  0  

W'c  in;iy  change  tliis  at  once  into  gcof^raphiad  co-ordinates,  by  writing 


(a.) 
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inttoid  of  0  and  aoceDting  &  in  the  same  manner ;  thus  we  have  at 

once 

sin  +  cos  6^6  sin  d),  cos  (p,  +  cos»  <p,  tan  ^  =  0   (3.) 

2.  The  normal  XMV,  at  ihe  point  M,  ur  <p'6  . 
Let  the  (ist/  unotnical  uiiU  gtograpliical  co-ordinates  be  denoted  as  be- 
fore.   Then,  in  the  former  case,  tnstesd  of  the  tangent  adapted  to  we 

miut  employ  that  for  ^  +  € ;  that  is«  wc  must  wnte 

\2      /  V<i^^  +  sin' <^  </d' 

/"^x*\-    —  sin(/)'<f^- 

CosI      -f- 6  1  — — "BB  «  S —TT  

Them,  inserted  in  xi.  9.  (eorrected  as  above),  give  the  following  equa- 
tion, 

eot  A=-«o«c     |-(<»«^«» &-..nOco.e')=:^^^^  

or  wfaidi»  by  ieductian»  beoonies 

sin  f** — 0  sin  i*'  —.  ens  & — 6  cos  <b  +  cut  rf)  sin  0'  =  0  (5.) 

dtp 

Making  the  requisite  change  to  adapt  it  to  gecffrapkieal  co-ordinates, 
we  have 

—  gin  d,-I9  co*^,^  —  «w  tf.— ^  «»^,+  t«D  ^  «w0. =0.  (6.) 

XLI. 

To  find  the  ajnation  of  spherkal  curves  in  terms  of  its  radius-vector 
and  the  pcj  ju  tulicii/ar  /rum  the  pole  vpon  the  tangent. 
Let  the  perpendicular  PL  =  4';  then,  by  the  table, 

■"  '^      ,  _  (1.) 
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From  ihis  aho  we  get  tibe  value  of  tibe  diffbmitial  coeMMeut,  viz. 

d(p  sin  4;  

tl0     sin  <p\fsiiv  (p  —  ibl'tp 

where  drhibe  corresponding  clement  of  tie  cnrre.   By  means  of  (S.)  we 
can  eHminate  the  difibientialm  and  thus  obtain  the  equation  of  the  carve,  as 
in  piano,  in  ibiite  relations  between  ^  and  4*. 
We  may  illustmte  this  by  one  or  two  examples. 

1.  To  Jind  Ihe  perpendicular  from  the  jmIc  upon  the  tangent  <fa  sphe- 
rical cmk  return,  referred  to  the  focus  and  major  axis. 

The  equation  of  a  oonie  section  referred  to  the  said  co-ordinates,  is 

 cos  2  a  —  cos  2  f 

Differentiating.  \ve  get 

(Ul>     {(w2ii  —  cos  at)  Mil  2f  sin  erbv(41 

cos     "       (sin  2«  ip  sin  2e  co&^t^  ^  '  w 
t/^>     sin*  f/)  sin  2f  sill  ^   ^  

Again,  from  (4)  we  iind 

a    (cos  2a      Ik)  ±  i^i"  2a  Um  ^   ig.j 

'^'^  doSetan^ 

From  this 

sm»g<tan*^Mn'gatan«0q=^  (>«  ^  2a— ens 2f ) rip 8a ton ^ (co»gft— oo»2€)« 

sin*  cos.'^J=   vin'  2f  taM'"(/. 

(to5* Sa— W  gc)  ain*  ^ q:;2  (cos  g» - « )  sin  2a  nip  0  coa  .^ow 2a— cw ap'  cw*  ^ 

=■  "    ^ilr  ii  sin"  (/) 

gg— co»  ife)  { (cos  :ia+coii  2t )  »>ir  ^ 2  «iu  2a  »jn  0  coh  i/)--(c»i*  2a— cm a<)cw- «/) } 
iOi.2a— co>2t    g.^  2a  (sin*  0-cus-  ./;)H-cos  2f  (^in*4>+«>»^<<')yg  'P  ^""^ 

c<)sS€   ootgf— cu>2   ^   jiy  j 
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This  value  of  sin  0  iiuerted  in  (5)  gives 

BP'^angf     {(co8  2a  —  cosSf)  (cosgt — co82(a:^^)  )]^ 

--j-.;»^i«»gf~co.a(arp0))  i    ^g^j 

^  enSa— oMte     f  *  ' 

But  from  (1)  we  have  thui  (8)  cou verted  into 


.  ,  ,  .  .  ,  ,  cosSf — oo«2  (a  it:  0) 


ootxa— 0Mf6 

C06gf)dn*^  ^ 
~  OM  Xo — coB(2oqi0)~ ' 

«n^  =  ±(cos2a-cos2.)*  (3^^^)^    (9) 

If  we  icMSve  tfaw  irith  respect,  to  ^  initeid  of    wc  shall  get 

whence  tin  ^  and  cos  <p  may  also  be  oblMned. 

S.  TRe  perpendieubtr  from  any  point  vponU^  kui^feiU  to  a  drde. 
As  tint  questUm  refeis  to  the  oufgnitude  cf  tlie'peipendKeahr.  but  not 
its  poriHon,  tihe  aalution  Ions  nothing  of  its  genexality  hy  taking  the  gicat 
ciide  timiif^  the  centre  of  the  dide  tat  onpa  of  $,  or,  in  other  wanl%  1^ 
taking  x=Oi*  Thenwebave 

coBp=«0B(|^0OBX4-dn^rinXcos(9  ,  (11) 

S',  we  have 

Bn\gm0antf.  

OMi^ootdflnX— dn^cwX 


*  Imlt'fd,  Lad  wc  taken  [6  —  K)  for  the  angle  madt;  by  the  radins-vector  of  the  cur- 
ret)t  pout  in  the  circle  and  tbe  &r»t  meridina,  we  shoidd  atill  climinitte  Ui«  functions  of 
6^K  at  ftep  (14).  at  «•  hav«  acMdly  don*  with  A  aid  the  nnlt  la  ttswftfs  coMcdj 

dw  MIIB. 
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But  from  (1)  we  get 

sin  ^  (dn  \ 

miitf=r±^'^^~"^^  +  ^^""""^"*^"^^^^   a«.) 

aiu  ^  sin  \ 

And  imttuig  tliu  in  fhe  Tiliie  of  4^  ira  find  the  vilue  wlueh  «e  aooi^t. 


«U»  +  =  ±  rJt     (15.) 


If  the  pate  be  in  die  dnninlmce  of  llieciid^ 

ifal4s:7X«otpiiil*i^   (16.) 


XLII. 

Tojkld  tke  tnierseeHon  qf  the  perpendicular  from  the  pole  of  astrono- 
mical co-ordinaUi  vpon  the  iangeiU  to  a  tpherieal  curve  iU  the  point 

We  might  employ  the  general  expression  found  in  ^X.  10),  or  rather  in 
the  correction  to  that  passage  at  the  end  of  the  present  paper :  but  as  that 
mctliod  would,  in  reference  to  our  present  object,  be  unnecessarily  operose,  we 
shall  adopt  a  briefer  one.  It  depends  upon  this, — that  wlien  the  radius- 
vector  is  perpendicular  to  a  curve  (or,  in  other  words,  at  an  apse),  cot  4' 
will  be  a  maximum  or  a  minimum,  and  hence  that  the  equation 

cot  <f>=i  —  tan  \  cos  6—'K 

diflSeientiated  on  this  suppontiini,  giTes 
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that  ill  or  cTncrfillv  6=nir+K   (I.) 

(whtTL'  n  is  a  whole  number.) 

which  gives  the  value  of  B  oonespondiug  to  the  perpendicular  from  the  pole 
upon  the  tangent. 
Recurring  then  to  (XL.  1),  we  have 


tan  ITS' 


+co8a'sin  (p'  cos  <p 

a  V 


d& 


sin  tJ'^^  4- COS    sin  ^  COS  </> 


tanX=: 


sin  + 


IT 


on ' 


The  UMt  eqitttioii  of  wt  (S) 
bdiig»  in  inet,  an  mcjgxtmmi 
qiKin  titles. 

When  tmm  equations  (2) 
under  consi<Jeration,  f(<p  6)  = 
an  equation  in  terras  of  k,  A, 
and  this  will  be  the  equation 
pendicuhur  on  the  tangent. 


with  (XLI.  1),  as  indeed  it  ought  to  do. 
ibr  the  wne  line  in  functions  of  the  same 

,  (3),  and  the  equation  of  the  particular  curve 
r  0,  wc  can  eliminate  and  &,  we  shall  obtain 
and  the  constants  which  enter  into/(<^  ^)  =  0 ; 
of  the  cun  c  tracctl  out  by  the  foot  of  the  per^ 
We  shall  hereafter  give  an  example  or  two. 
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For  the  present  wc  shall  oootlne  our  nttentioji  to  the  general  fivmuhe  Ibr 
the  parta  of  the  figure  we  have  been  oonuderiug.  * 


XLIII. 

OnCbrUactandOKulation. 

1>  Jn  respect  ta  ike  eqiuttHon  hHween  ^  and  ^. 
Let  the  ipherical  polar        1)6  dmoted  by 

/(*«)=o    (1) 

F(^^)»0   i%) 

Hmh  tile  vabwi  of  the  ladit-vcetotw  when  e  have  received  incremenU  » 
•nd    Kill  be  reipeciivdr 

new  a&y  vahie  of  ^  ire  h«ve  alio  ^ = ^,  tfacn  an  ^ = an  ^ :  and 
if  lie  tal»  V  sir,  ovr  eqiialm  (S»  4)  will  become 

^•^5^T+'55^d5^*  i+   ^'^•^ 

^^^'l^wUiM-  


and  it  trill  fidlow  (by  feaaoniiig  enedy  aimilar  to  tiiat  wiueh  ia  uied  in  tiie 
caae  cf  difiiential  coeffidenfa  of  a  fimction  lefated  to  tedifiiiear  «HKdi> 
oatea)  liiet  ihe  two  ipnb  will  h«ve  ft  eontaet  of  the  ovder  (»)  denocad 

by  the  number  of  differential  coeffidents  {n)  which  are  equal  in  (5)  and  (6) ; 
that  no  apiial  which  baa  lew  than  (n)  differential  coefficients  equal  to  these 
can  pass  between  (5)  end  (6) ;  that  when  the  order  of  contact  ia  odd,  it  ia 
contact  only,  and  when  even,  that  it  is  both  contact  and  intersection  ;  and 
indeed  all  the  general  properties  which  depend  upon  the  coefficients  them- 
aelves.  I  have  not,  therefSw^  considered  it  neceaaary  to  put  down  these  ar- 
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guments  at  length ;  but  proceed  at  once  to  apply  them  to  the  peculiar  ob> 
jects  before  us,  that  is,  for  obtaining  the  formulae  adapted  to  spherical  co- 
ordinates. These  formula',  it  is  at  once  obnous.  have  an  intimate  relation 
with  tliosr  ?7f  piano,  and  often  embrace  them  as  particular  cases :  never- 
theless the  spiicrical  can  never  be  inferred  from  the  plane,  though  the  plane 
can  most  commonly  (still  not  always  so)  be  ioferred  hovci  the  spherical  ex- 
pressions. 

2.  But  wc  may,  us  is  always  done  iu  the  investigation  of  spirals  in  plnno, 
employ  the  equation  between  the  radim-vector  and  perpendwuiar  upon 
ihe  tangent. 

Conridering  and  as  functions  of  <p  and  ^  ntfed&nlj,  we  ihall  airive 
by  sfanUar  eoDsidentioiiB  to  lliow  belbre  luedf  at  die  oonditioiu 

u  the  test  of  oonteet  of  lifae  <»-(-l(b)  ovder,  «od  all  tliecaoaeqiieiioee  iimaUy 
drawn  will  Mow  from  then,  as  well  as  from  the  previous  ones. 

XLIV. 


Eadius  of  Spherical  Curvature^  Involute*  and  Evolutet, 

Ijy  tliL  racluis  of  spherical  curvatun»,  1  nu'aii  ilif  s]>luTiial  rjidius  of  the 
circle  which  has  a  contact  of  the  second  order  with  the  given  curve,  at  the 
current  point  <p6,0T<p  ^,  accordii^  as  we  use  one  or  other  of  these  pairs  of 
•o-oidinates. 

J  j<;  We  than  liiBt  take  the  equation  between  |  (f>. 

Here  F(</)'4/)  =  0   (1.) 

and  the  circle  of  contact  (XLV,  15.)  is  sin  ^  _  _|_££l^flil£^f2i^  „. 

Now  the  equation  (S)  invdving  ib»  two  artntnuy  eomitaatB  ^  and  \  ibat 
may  be  ao  detemmied  aa  to  friUQ  the  eoaiditiooi 

«iii4's«in4^and  -rr  — 


dip  d<^ 
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Kcducing  (2),  we  have 

■nf  atiii)'q;:e(»f>caB^s:^OMX;  «   (ft.) 

fimn  ivliidi,  1^  difibientiating,  we  get 

Whence     unp  =  qi— — I- — I- 

«MA—  — coa4>d^ 

Insert  these  values  of  sin  <j^,  csos  ^  in  (3),  ami  mluoc ;  then, 

\^co«*  ^i/d^*  +  sin*  </)  J  </)'*  ' 
Jwaf.4> cot* 4' id^+d<p*) — grin  ^coa</) Hin^ci»^<i0d^^ 

cotX~^  ^".^ sin  0  d ^  +  cos  (/>  cos >j>  d <^  ^ 

4'd(pJ^) 


m 


mbeace  from  (5)  ^ve  know  the  ndiiu  of  eurvatuie,  and  firom  (6)  the  pohw 

distance  of  the  centre. 

By  restoring  the  value  of  ^  in  terms  of  0  ^,  wc  should,  of  course,  obtain 
the  several  values  in  terms  of  tlic  co-ordinates  of  the  point  of  contact.  This 
purpose  might,  liowever,  be  easily  effectctl  by  direct  investigation,  and  we 
should  avail  ourselves  of  that  ciicunistancc  to  form  them  into  mutual  checks 
of  the  accuracy  of  our  operations  and  results.  Too  Diuch  attention  cannot 
be  given  to  tliese  verifications,  where,  an  in  the  present  case,  the  formula: 
arc  destined  to  become  fundamental  in  respect  to  a  long  series  of  important 
subsequent  inquiries. 

Ijet  ^  code  of  emrvatiiie  be-denoted  liy 

Gas^=coaAco8^*(*sin  Aain^md^K  -   (7.) 

«oid  Ae  curve  by 

F(^a>=0   (8.) 
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Differentiating  {7),  we  obtaiu 

eotXs-i — !  1.  /   e   

sin  <p  (/  tp 


m 


or  cot  \= 00*  d—te  cot  ^— «nd— *t . 


Dilferentiatiiig  agaiii,  we  have 
Or  uniting  it 

B^0— k4-AooI0— ic=0  (I&) 

we  cm  mceeMively  detennine  x,  \  and  f  in  tenn*  <if  ^  ^  and  llie  diflfaNn- 

tial  coeflSdents. 
Fniii  (IS)  we  lunre 


■md— ICS 


bB 


These  inserted  in  (9)  give 


(la.) 


ttnXsH. 


sin0d</>  V  A*+  B* 


'/A»sm*</>(d</)«  +  d^)  +  2AB6in0co8  0rf^(/a  +  B'<i^ 

n  cos  (p  d  <p  +  A  sin  ^  J  t) 


1 


VA*sin*^(J0»  +  <i^>  +  2ABaiu0co8  0d^<i6  +  B«(i0* 
and  finally 


a*) 


cotps: 


q=(Bcosd)<i</)  +  sin0dd)c(M^  +  8in^(i>(2d>  -/  A*  +  B* 

V  A'  +  B* 


V  A-  ^*  ^  (d </i-  +  d 0-)  +  2  A  B  siti  ^  cos  ^  d0 +  B' t/^* 


■J  A*mi'(p^d(p*  +  dO')  +  iiABanipQf»<pdtpdt)-i-Wd^ 
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"[Hie  Taliieft  of  tbe  ^Hifaiciitial  codBcientB  derived  fimn  (ft)  being  l&Mited  in 
(15),  fgsw  tbe  codne  of  the  radius  of  cunrature  of  (8)  at  Ae  point  ^  6*  In- 
serted in  |14).  thqr  give  the  pohur  diitanee  <tf  the  oentve  of  currotiiiie :  and 
inaeited  in  (16)  next  loUoinngp  they  e^ve  the  longitude  of  die  centie  of  oinr- 
vatnie. 

Resume  (IS),  expand  it,  and  anange aoooiding  to  nn  x  and  eoa  ic:  then 
we  have 

eoair  (Aco^0  +  B  dn  0)  +       (A  and  —  B  CM  ^  :=0» 

The  magmtude  and  podtion  of  titecSzdeof  cnmtnreiaheneedelenuned 
nhen  we  insert  from  the  given  equation  (8),  the  valnee  of  Ae  diffinential 

cocf!icients  in  the  forms  above  found. 

It  will  be  remaifced,  that  tliese  results  suppoee  both  variables  to  be  depen- 
dent upon  some  third  variable ;  that  is,  they  are  sueh  as  that  the  first  dif* 
feiential  of  either  docs  not  become  constant.  We  may,  in  general,  then, 
very  greatly  siniplitV  these  expressions  by  taking  either  oe  d*0  equal 
to  aero,  inasmuch  as  B  w  ill  then  become  either 

aa<pdtp*  sin<pd(pi* 

It  is  unnecessary  to  pursue  this  subject  farther  here,  or  we  might  effect  a 
considerable  simplification  by  the  reduction  of  the  denominator  of  (15)  to 
another  form.  We  shall,  therefore,  finally,  make  one  remark  concerning 
the  cvolutc  or  locus  of  tlie  centre  of  curvature. 

This  may  be  cojisidered  either  as  thu  locus  of  the  centre  of  curvature^  or 
as  the  l(x  iji,  ot  the  intmections  of  the  consecutive  normals. 

Let  ./•(</.  0)  -  0  (17.) 

he  the  curve  whose  evolute  is  sought. 

Then  if  between  (14,  16,  17),  we  eliminate  <p  and  6,  we  shall  have  an 
equation  involving  only  k  and  \  with  eonstants,  which  will  be  that  ct  the 
evolute  required. 

If  we  oonpder  it  as  the  locus  of  the  intenections  of  die  consecutive  nor. 
mali^     vofXBt  proceed,  thus  i-^ 
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Let    sin  6, —  d-^-  +  CM6, —  d  sin     cos  0,  +  cor' tan  0  =  0  .  .  (IH.) 

be  the  equation  of  the  normal  {vid.  XL.  5.) 

This  by  (17)  is  rendered  a  fimction  of  (p,  or  6),  only  ;  and  hence  if  we  dif- 
ferentiate it  relative  to  <p,  or  6^  (as  the  case  may  require  or  best  admit  of), 
and  between  these  results,  eliminate  tliat  quantity,  we  shall  have  an  equation 
between    6  and  the  constants  of  (17),  which  will  be  that  of  the  cvolute. 

The  involute  is  also  found  in  a  manner  precisely  analogous  to  that  em- 
ployed in  the  investigation  of  plane  curves ;  and  requires  no  remark,  as 
there  is  no  principle  employed  in  the  process  when  performal  on  the  sphere, 
which  is  materially  even  a  variation  of  that  which  is  employed  in  the  in- 
vestigation of  plane  involutes. 


XLV. 

The  Polar  Equation  of  a  Cone  of  the  Second  Degree  and  its  trace  np- 
on  the  sur  face  of  a  Concentric  Sphere. 

Let  B  be  the  vertex  of  a  cone  of  the  second  degree,  and  CED  any  cir- 
cular section  of  it.    Let  the  perpendicular  BA  fall  from  B  upon  CED. 


Refer  the  circle  to  the  polar  co-onlinates  A  and  AK.  Put  DO  =  a, 
AB  =  c,  A0=6;  then  AC=a— c.  AD=a+c.    Put  EA=r,  EAK  =  6», 


400  Mr  Daties  on  the  JEquaium  ^Lod 

aud  DAK=«.    Then      sliall  have 

r-  =  a*  —  2abcxK0^+l>'   .*   (1.) 

Now  join  £B,  and  denote  the  ang^  £BA  bjr  ^ :  and  nnoe  £AB  is  a  light 
angl^  we  shall  have 

rsctsa^   ('•) 

Eliminating  r  frmn  (1 },  (fl),  we  have  liie  polar  equatita  of  the  cone,  iib> 
6md  to  origin  B»  and  lines  AB,  AK ;  vis.  ^ 

f»tan»</)  =  a»  — Softcosfl— a  +  i^   (9.) 

Also  since  all  parallel  sections  of  the  cone  whose  vertex  is  B  and  base 
CED  are  similar,  we  iiave  the  t'oUowing  quantities  constant  in  all  the  sec- 
tions ;  viz. 

Pot  theec  equal  to  tan*  a,  and  tan*  a. :  tlim  the  equation  of  the  eone  fae^ 
eonies 

t«n*0Bln^a, — ttxa' a„tiM0 — a,  or 
.  co»dZ:i=Hl^=^  =  i«.^a,(twi«a,-t«n»^)    (4.) 

Now  once  ereiy  eone  of  the  seoond  degree  adnuts  of  cinsolar  seetions^  it 
is  quite  dbnous  Aat  all  Ae  equations  of  the  enie»  whatever  fimn  they  may 
assume  under  thdr  lesfeetiTe  ctrcumstanees  of  data,  may  be  tnuufiKrmed 
into  (4).  Nevertheless,  it  is  often  extremely,  troublesome  to  efibet  these 
tnmslbrmatioiub  and  ahnost  always  naneoeasaty ;  and  we  shall  at  onee  seek 
the  most  general  fixrm  that  the  equaUon  of  the  eone  referred  to  its  vertex  can 
assume.  The  method  is  extremely  simple^  and  ptedsely  similar  to  that 
which  we  have  already  employed. 

We  may  take  as  the  equation  of  a  line  of  the  seoond  order  referred  to 
polar  oo>ordinateB  situated  in  its-own  plane, 

r*  {tm*a  i}cm*6  +  9 tan  a  tm  fitMnyoM 6 ma^+ta^fimnf  &i 

+  2  a,  r  tan  a,  cos  6 
+  Zb,r  inn  /?  sin  6 
■  +d»tan>*  =  0   (6.) 
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Let  the  annexed  figure  referred  to  A  and  AB  be  that  which  is  expressed 


K 


by  (5) ;  A  being  the  foot  of  the  perpendicular  from  the  tumroit  B  of  the 

cone.    Put  BA  =  b :  then  if  EB A  =z  <p,  we  have 

AE  =  r  =  A  tan<^    (5  ) 

By  eliminating  r  we  have 

6*  tan'  (j)  {tan*  a  cos*  0  +  2  tan  a  tan  /9  tan  7  sin  0  cos  0  +  tan*  (3  sin'  6} 
+  86tan^  {a,tanacos0  +  6,tan,5sin0] +<i*tan*>  =  0    (6.) 

If  we  multiply  this  by  cos  *(p,  we  may  write  it  under  the  form 

0  =  A  co«*  ^  +  2  sin  ^  cos  (p'  (E  cos  6  +  F  sin  6) 

+  8in*</»(Gcos*a  +  2Hsin<?cos^  +  /fsin*0)    (7.) 

This,  with  the  exception  of  the  first  side  of  the  equation,  is  the  same  as 
(xiv.  4.) ;  and  hence,  as  this  difference  is  merely  that  oiless generality,  we 
learn  at  once  that  our  last  equation  (7)  designates  a  conic  section  on  the 
surface  of  the  sphere  ;  or,  in  other  words,  that  the  intersection  of  a  cone  of 
the  second  degree  uHh  a  concentric  sphere  gives  a  spherical  conic  section 
such  as  VMS  formerly  dqfined  (xxiv.),  in  analogy  to  a  very  common  motlc 
of  defining  the  plane  sections  of  the  cone.  The  analogy  we  see,  then,  is 
perfect  l)€tween  the  two. 

It  may  here,  however,  be  suggcstetl,  that  as  tlic  present  equation  (7)  is 


402 


Mr  Davies  on  the  Equations  of  Ijoci 


less  gcucral  than  (xiv.  5.),  it  is  possible  to  annex  some  other  condition  (one 
or  more,  as  siibscqui  ut  investigation  may  .shew  to  be  adniissiblc),  to  those 
involved  in  our  present  article;  or,  in  other  words,  that  tlic  «cction  of  the 
eone  by  a  sphere  under  some  lei*  confined  relation  may  still  irive  such  a 
spherical  uonie  section  as  we  have  previously  defined.  Comjiiring  the  pre- 
sent with  tljc  ca.se  where  the  sphere  becomes  a  ]>lauc,  wc  see  the  one  case  is 
given  by  a  concentric  sphere  and  the  other  a  sphere  whose  centre  is  infinitely 
distant.  It  is  natural  to  ask,  if  the  analogy  is  «oufinfid  to  thi  ^  two  cases, 
or  may  the  centre  ot  tiie  aittinp  sphcrp  be,  situat^'d  ni^.  where  in  space? 
Wc  have  not  room  to  enter  ujwn  this  inquir)- ;  but  we  may  just  state  that 
the  last  is  not  the  case.  It  is  in  one  specific  point,  determined  by  the  mag- 
nitude of  the  constant  on  the  left  side  of  the  equation. 

.  1*1 

nil     .       '  • 

XLVI. 

It  will  readily  appear,  that  by  taking  the  radius  of  the  sphere  infinite,  the 
modifications  which  the  spherical  equations  undergo,  ought  to  have  some 
analogy  to  the  equations  of  plane  curves.  We  cannot,  it  is  true,  always  in- 
fer the  plane  from  the  spherical  equation,  much  less  the  spherical  from  the 
plane,  when  there  is  an  analogy  between  the  genesis.  The  discussion  of 
this  curious  question  is  omitted  here, — not  as  irrelevant,  but  as  too  long  to 
be  admitted  on  the  present  occasion.  There  is,  however,  in  general,  a  consi- 
derable d(^ee  of  analogy  between  the  two ;  and  to  shew  this  in  perhaps  the 
most  important  case  that  can  occur,  I  shall  investigate,  ab  initio,  the  polar 
equation  of  a  straight  line,  for  the  purpose  of  comparison  with  the  polar 
equation  of  a  great  circle  given  in  my  former  paper. 


On  tlie  Polar  Equation  of  a  Straight  Line. 


1.  The  equation  of  a  straight  line,  the  origin  of  the  polar  angle  being 
OC,  and  the  origin  of  the  radius-vector  being  O,  is  thus  found  : 
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I^et  KC  be  the  straight  line  whoee  equation  is  sought,  and  OE  be  a  per- 


pendicular from  O  upon  it.    Let  F  be  a  point  in  the  line,  and  put 

OE  =  a; 
OF  =  r : 

C0E  =  i8i 
and  COF  =  0; 
Then         OE  =  OFcosEOF 

or    r  =  a  sec  (0-/3)    (1.) 

wliicb  is  the  equation  sought. 
It  may  also  be  written. 


(2.) 


'J.  2^0  find  the  equation  of  a  straight  line  through  two  given  points. 
Let  r,  6,  and  r„  6„  be  the  points  :  then  inserting  these  in  (2)  we  get 


co8(e,-/3)  =  - 


co»(0„-^)  =  — 


(3.) 


From  which 


r„  cos  /?  cos  5,  +  sin  /3  sin  0,  _  Cos  6,  +  tan  (3  sin  6, 
r7  ~  CO*  $  cos  6„  +  sin    sin  d„        cos  d„  +  tan  /3  sin 

r,  cos  6,  —  r„  cos  0„ 


or   tan^  = 
8inj8  = 


rsin^, —  r„sin0„ 

r,  cos  6,  —  r„  cos  d. 


^'r;-2r,r„co«S^„+r„» 
-  r,sin  0,  — r^sind^ 

C08j8  =  ±-^ 
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vit.ta  find  a,  we  hvi9  from  (3)  the  equttioos  ^ 

1  a 


«    CO.-' «  _  00.-'  ^= d,-^,  vr  

Take  cosine  function  of  these,  84^uarc«  and  transpose :  which  gives,  after 
fllil^t  reduction, 

V  r  *— S  r,r«co.  tf,— fl, + r* 
Inert  these  valuei  cf  fivm  <4)  in  eqtution  (S),  end  we  have 

-fL  =  co» /i^  co«   +  ain /S  tin  6 


r 


= ±  ea.  0  (r,  «n  (j,  —  r„  si  II     ^  Bin  6  (r.  ooa  bo. 
and  from  eqnatioii  (6)  inserting  the  vahie  of  a,  we  find  finally 

r,r,$in  6^—6,       j  ±co8  0(r>n  0,— r^sin  0„  )   ^  

or  by  division, 

1  ^  r,gint)H-:^,  — r>p6q:fl^   

If  now  we  keep  b  mind  that -^t  ^»  and  -^ara  the  aame  dungs  that  eot^, 

cot  a.  and  cot  a.  oil  the  sphere  become  when  the  sphere  is  iniuut^,  we  get 
precisely  the  same  result  an  iu  luy  paper,  (IV.  10).    That  is 

3.- If  ^   OOb) 

ii>  tlie  form  whicli  may  be  cuiisidereil  as  the  extreme  case  ot  that  result,  the 
sphere  becoming  then  infinite. 
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3.  To  find  the  point  of  intersection  of  two  given  lines,  referred  to  po- 
lar co-ordinate*.  ' 
Let  them  be 


r-a.seed—^,  )    j 

r=a.sece—(3„  j 

From  whieh  by  equating  Ave  get, 

o,eo«  a— /3,  =  a„  cos  6— /9„  , 
or,  by  expanrion,  etc 

t^6  =  -  °.^'"A-«.«n^,    (^jt) 

Again,  from  (11)  we  have 


cos  6 — 8,  —  — 


co«  6 — 13^=-^ 


or  by  taking  cos~ '  of  each  equation  and  transposing  * 
/9, — fi„  =  cos*"'  ^  —  co«~'     ,  or 


COS 


Transposing,  squaring,  etc  gives 

a/  —  2  a,  a„  cos  /8,— /3„  +  a„«  =    rin  »/9,— ^„ 

or    -  =  ±-7     08.) 

r  Va,*_2a,a„co8j8,— /3„+a„* 

which  may  be  compared  with  (VI.  6)  of  my  former  paper*. 


•  It  may  here  he  remarked,  that  the  varied  form  of  the  equation  referred  to  was  acci- 
<l«>utally  omitted  in  printing  that  artide.  Divide  all  the  terms  by  cot  a,  cot  a„  and  we 
get  for  (VI.  7)  tlie  following  : 

-111-  ±tanA,tanA>n«„-^      ^  ^ 

V  tan  A.—  2  tan  A,  tan  A„  cos  »„— «,  +  tan  %, 

3  F  2 
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4.  To  find  the  equation  of  a  line  which  passes  through  a  given  pomt 
r,  6,  and  makes  a  given  angle  «  with  a  given  straight  line  r = a  sec  0—^. 


I<et  EC  be  the  given  line,  F' the  pven  point,  and  ETC  the  line 


sought    Put  its  equation  in  the  form, 

f-  =  c«ecdll7    (14.) 

But  it  passes  through  r,  6, ,  and  hence  ^ 

r,=?  c  sec  6, — 7 ,  or  £  =  r,  cos  6, — 7    (15.) 

Also,       7  =  E'OC'  =  j3+6,  (where  E  =  E'FG),     and  hence 

r=r,co8(0— j8+  ()9ec{d—W+f)    (1(>.) 

whicli  is  the  required  equation. 

I^t  e  =  0,  or  the  hnes  be  parallel :  then 

r  =  r,cos(5— ,<?)sec(5— ./S)    (17) 

I..et  6  =  J-  ,  or  the  lines  be  perpendicidar :  then 

r=r,  sin  0,-/3  coscc  0— ,5    (18.) 


It  will  be  altogether  unnecessary  to  multiply  examples  of  tliis  analogy 
between  plane  and  spherical  equations,  as  the  method  of  forming  all  such 
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equations  is  sufficiently  obvious.  We  shall,  therefore,  here  only  add  the 
equations  of  the  tangent  and  normal  of  a  polar  plane  curve  in  terms  of  the 
differential  coefficients  ami  the  co-ordinates  of  the  points  concerned. 


.5.  To ^ ltd  the  ian^it  tv  n  polnr  curvf. 


1 

\  ^ 

\ 

The  equation  of  EC  is 

r  =  a  aec  6-—^  

Now  the  angle  OFE  is  denoted  by 

tan  2 —  .  and 

dr, 

OE  =  r.«ntan-'  ^— ^  =a   

dr. 

Again  EOC  =  ^  —  EFO  +  6,  =  j3 

^^^-.i^rr^^L^^e,   

dr, 

Expanding  (19)  we  have 

—  =  COS  5  COS  p  +  sin  6  sin  jS 

=  cos  5  sin  (xaxV^  ~  ^'  ^ ^'  —d^+anQcxya( tan"' 

\  dr,  /  \  dr, 


(19.) 


(JO.) 


(21.) 


-e) 
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or  writing  &r  wnUrr^^^'^^'  and  ooitan'*^^^^^  llieirvthieiweget 

r,d6,c(»6 — 6, — dr,sin  6—6, 
Also  from  (20)  we  have 

iriiich  interted  in  <flS)  ghm 

J_       T,  d  6,  cos  ~Q,  —  d  r, 


=  *°'^'  _  Ajgt    ^86.^ 


6.  To^find  the  equation  qf  the  normoL 

Here  the  angle  HOF  is  denoted  by  tan"'         ,  or 

^  r,da/ 

0=^^  t«i-»        fl,  (rr.) 


r 


Remuning  th»  general  fnrn  of  (19)  ^gfMHlfd,  fis. 

=:  «0i /S  «M  6  +  Bin  j8  an  6, 

wc  have,  l)y  substitutioQ, 

and  miting  fiir  im  tan"*        and  ooa  tin**  these  values,  we  oi>. 
tabi 

•  _  v»Biw0,dr,—mn6.r,d6,}+an6{c(»e,r,de.+mke.drA  .--x 

Vr/d^.  +  dr/  ^  
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thatifl* 


a  ^  coed — didr.-i-mnd — 6,rd6, 


or,  giving  to  a  its  value,  viz. 


we  dull  have  <S9.)  converted  into 


1     CO*  6-— 6,  .  sin  ^ — 6,   r,d§tf    ot.   ,  :  /m  \ 

^  —  *  + '"  r      *  j'p**'?^^*''*  ***    *  •Ivl.)- 

Whether  the  fonrniiae  (26.)  and  (31.)  may  ultiniatcly  assist  us  to  a 
greater  extent  lliaii  the  methodi  now  In  nie^  in  invevti^^tLDg  the  general 
•Ifectkntcf  pelarcnrvm  uiMtfti|M|wndgaefcof  dtac^^ 
Imt  it  mij  At  loine  future  period  W  mqiiirad  into  inotec^^  Hyown 
employmoit  of  timefttmulsln  a  eonadenUy  vuiednnntber  of  triil^  nude 
iqioD  (iurfei  taken  peifeedy  at  luuid,  leidi  me  to  tfunk  thai  thejr  win  be 
found  of  gKit  value ;  but  I  have  not  oiterad  auflkiently  into  a  i^fatematie 
eaamination  of  the  ayrtem  to  be  aUe  to  HKf  that  there  m%ht  not  be  ob- 
atadea  in  tiie  way  of  its  nnivanal  qppBeatioD,  that  have  not  praaented  thenu 
ielvea  in  any  of  the  paiticnlar  oases  vdiieb  I  have  happened  to  aeleet  lbr  ex- 
periment I  think  it,  however,  h^hly  probably  tiiat  (as  I  have  found  to 
exist  on  the  sphere)  there  will  be  some  cases  vdicre  one  mediod,  and  otheia 
where  the  other  method,  wiQ  be  most  advantageons ;  and  as,  on  the  spht^e^ 
there  does  not  appear  to  be  any  method  of  judging  a  priori  which  of  the  me- 
thods will  be  most  applicable,  so  also  in  piano,  we  sliall  be  able  to  find  no  test 
for  deciding  the  qucstioTi  but  actual  cxix;riment  on  the  particular  cases  under 
consideration.  If  notlang  shall  be  <^:uned  in  ihe  way  oi general  principles, 
yet  it  will  be  of  some  advantage  to  lie  jiut  in  possession  of  an  alternative 
method  of  investigation,  that  offers  coiisiilerable  prospect  of  enabling  us  to 
analyse  the  curve,  when  the  common  nu  tlioii  sliall,  m  that  particular  case, 
either  fail  altogether,  or  else,  by  the  complexity  of  the  result,  be  thought  Icjss 
el^;ant  than  the  taste  of  the  geometer  may  lead  him  to  desire. 
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CORBECnONB  AND  ADOITEONS  OF  ICY  FOBBIER  PAPER. 

From  oversight  in  transcribing  for  the  prea,  or  in  correcting  the  proofs, 
a  few  errors  have  crept  into  that  paper,  which  I  here  take  the  opportunity 
to  indicatjp.  T  shall  also  supply  certain  defects  in  that  papo",  which  were 
almost  inseparable  £roin  the  drcumstanoes  under  which  it  was  written. 


P.  MS,  bit  wosd,^  im-  inad  ex- 

—  968*  L  V^tjiir  oonnonal  inqdiiM  reotf  vnooaBaoted  iiM|initct 

—  S67»  ].  111^7^  wheKegmleat  muf  whoe  the  giealeit 

—  L  5  from  bottom,^  great  ftrae  read  equal  finoe 

^  968^  L 14^  botl  TliisiBainiilake.  Jambi  BEmMODtu  in  another 
iplaoe  bad  aotieed  llw  identity  of  the  ineliliod%  as  I  had  mantionad  in  tho 
fiwfe-noteaf  pi  S08» 

—  274,  Cor.  6.  for  X  =  ^.  read  <^  =  j. 

~  279,  £q-  16.  might  also  be  changed  into  a  form  more  ooa¥C3uent  for 
some  purpoies  by  a  process  similar  to  that  in  (iv.  10.) 

—  S80.  If  we  divide  all  the  terms  of  eqmttion  (6.)  by  eot  \,  cot  \.  it  will 

a  more  convenient  form, 

,  db  tan  \  tan  \,  ain    ~k,  — ^ 

C0t4P=  L  imB^m  iL  .r-  17«J 

^       tan' \— Stan  A,  tan  \  cos —  k,  +  lau"  \ 

-•agl,  1. 10» /or  I  +«=#D;  rrai<  I  +  ic  = 

— 14^  Fee  ootic— A  in     denomiiular,  fMM/  ^ootr^?^ 
We  may  iemmlc»  that  the  dodbk  lign  of  e^  (ff.)  tapncly  ftwn  Uie  m^ 
dical  as  lihe  divirfon  which  pradneei  itwai 


—  tan  X  (M&$~K  ^  ^  / 

•^1  + 
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p.  284,  £q.  (7.)  may  be  modified  in  the  same  maaner.as  (iv.  10.)  was 

modified. 

—  285,  £q.  (10).   This  may  be  written 

and  thiiB  ^vee  witli  a  dide  pusiag  ihnii^  a,  fi,  and  k,\;  aa  it  ihould  do 
(aee  it.  10.)  die  peqimdicular  to  tnj  dade  paarn^  tfann^  its  aphoical 
centre. 

.  —  88^  Fiap.  IX.  In  aqnatioii  (4.)  put 

[and  trosa  equation  ^.)«  en  /S^icss  — cot  a  tot  X:  (4.)] 

lb.  In  pantng  from  die  flnt  to  the  aeeond  value    coa  «r,  m  hatve 

m  K = — <«  |9  cot  a  cot  X «).  flb /SS/T^^^co?aoo7X 

^  —  cos /tj  cot  g  ain  g  sin  t  .  ±ginj8  Vl — ainV»  «n*e  —  cot*tt  Bin'a  anQ 

~  ±vr=nSaSf€~"^^  

Now,  in  tluib  die  iiga  of  the  denominator  is  ±^  but  iiu^endeni  ^  tke 
sign  of  the  ivdkal  mike  nimiierat» 

dgn  ^  in  the  nnmentor  ought  to  be  letaiiied  in  any  tendt  that  lam  from 
our  impuricflf  thou|^  the  denominator  itsdf  diouU  be  i^iwijm^tiffl  fiom  the 
expreaaion.  The  same  ride  ia  tim^  tk  '^e 'ocpieainon^^       which  givea 


—  sin  iS  GOB  a  Bin  6  —  cotB  x  f-f-cog  t\ 


The  equation  of  tiie  ^1x0  AeD^bceoncar  " 


aina  ana 


fiem  whidi  the  ±V  1 — dnFc  lin'  %  which  ii  enmmon  to  both  numerator 
and  denominator*  vaniahei  of  itad^  ita  ogn  induded.  The  equation  ^len 
rednoea  itadf  to 

▼0£.  Xn.  PAVT  V.  3  G 
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.(9. 


,  i      oo&d  ( —  COS  ^  COS  a  sin  e  -h  sin  /9  cos  f )  ) 

cot  0  =  C06CC  a  COSeC  €  -J  .     /,  -     a  .       ~         n  C 

(  +  sin  a  ( —  sin  p  cos  a  sin  e  -4-  cos  p  cos  <)  J 

Tliis  expression  must  be  substituted  for  the  (9  )  of  that  paper.  In  that  p- 
per,  I  had  taken  only  the  +  in  deriving  equation  (7.) ;  and  in  obtaining  (8.) 
I  had  employed  the  equation 

idn  K  =  ^  1  —  cos*  K       instead  of   sin*f  =  ±i^l  —  cos'k. 

The  formula  thus  obtained  was  incomplete  in  an  analytical  point  of  \iew ; 
and  the  complete  analytical  solution  was  redundant  in  its  application  to  the 
confined  geometrical  aspect  under  which  I  then  viewed  it.  Unfortunately, 
too,  the  particular  algebraical  case,  and  the  particular  geometrical  one  which 
I  separately  considered,  were  not  those  which  corresponded  to  one  another ; 
and  consequently,  by  attaching  them  t<^ether,  the  result  which  thus  pre- 
scntttl  itself  was  not  merely  incomplete,  but  it  was  erroneous.  No  conse- 
(lucnccs  were  dctluced  from  it,  however,  in  that  i)aper  ;  and  hence  no  incon- 
venience has  arisen,  except  to  myself,  in  being  obliged  to  recaladate  those 
expressions  into  which  this  equation  enteretl.  The  ndc  for  the  signs,  then, 
is  this: — 

When  the  angle  t  is  estimated  from  the  branch  of  the  meridian  T.,P 
bctitecn  the  given  point  and  the  pole  of  reference,  the  sign  of  00s  t  is  +: 
and  Tchen  from  the  opposite  branch  T>P',  then  —  is  to  be  employed. 


Thus,  if  the  angle  (  U-  P'LD,  the  sign  +  or  —  is  to  be  used  acxord- 
ing  as  the  pole  of  reference  is  P'  or  P. 
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The  proof  of  this  is  very  simple. 

sec  at  once,  from  the  manner  in  which  e  aud  /9  cuter  into  the  t?qua- 
tioii,  that  the  i:t^n  of  cos  <  (since  «  und  /3  are  themselves  mutiuilly  iudepen- 
dent)  must  be  totally  independent  of  the  value  of  ^  that  is,  of  the  oi^;m  of 
angular  ccfntei ;  nd,  thodbra^  «•  H  inD  comidenlilj  amplify  oor  in* 
vestigstioii,  we  AmSBL  take  ^stO,  Thit  gives 

cot    = — cosec €  coiiev  a  {cos  6  (—  tos  a  sin  e)  -f-  sin  d      cos  e)}   (10.) 

In  this     have  ^k^z:^±^ 

—  -h  cos  a  tan  e  (11.) 

Now,  by  the  quadrantal  triangle  PLR,  we  have 

cot  LPR  =  ootics'-*eo»at«n «  

And  by  the  qindnnital  triangle  F'LBy  we  have 

cotxss-i-oosatanc  

We  tee^  thcrafine,  that  in  the  case  of  P  and  the  origin  of  <  being  on  the 
eame  or  on  dilferent  odes  of  L,  the  uj^  or  lower  aigii  of  (11.)  is  to  be 
taken,  in  oonfiinnlty  teapec^ely  with  (18.)  and  (IS.),  wbidi  is  the  rule  given 
above. 

The  equation  of  LD,  then,  as  referred  to  P  and  P*  veapeetively,  is 


( — COB  0  (am /3  CM  €  +  CM  i9  eo*  a  sin  «)) 
cot^  =  — coseca  G06ecc{      .  »       v.  .  Z^         .  > 

( am  0  (cob  jS  cos  « — an  jS  oot  a  am  <}| 


.  ( +cosO  (ai]ii9coB€«cM/9coBa  ib«)) 

cot  9  =  —  cosec  a  coeec  e-l     .  *  .    ^»  .  «        ,  .l■ 

i— ■»  o  (cob  p  cos  e  +  rin  p  COB  a  am  «)  J 


.(14) 


It  ni%ht  be  thoii|^t»  however,  fiir  die  aake  of  generality  in  the  siibse- 
quoit  investigation,  to  be  as  well  to  retun  ihe  double  firm  pven  in  (9.) : 
though,  in  many  eases,  our  purpose  may  be  ftdly  answered  by  the  adoplkn 
of  either  one  or  other  of  its  eomponents  (14.)  or  (15.),  merely  taking  care  to 
keep  eleaily  in  view  the  eonneetioa  between  tiie  pole  employed  and  the 
branoh  of  the  meridian  fiem  which  e  is  messured.  Except  oonttarify 
prened,  I  Aall  use  the  pole  P  and  bnneh  PL,fivm  its  being  that  adapted 
to  the  figures  I  have  most  (»mmonIy  used.  This  requivM  the  lower  Stgn*^ 
and  (14.)  is  the  equation  <ii  the  cdrele  adapted  to  that  assumption. 

8g2 


Digitized  by  Google 


414 


Mr  Datixs  on  tke  EqmUkm  ^  Lm 


P.  S91,  Eq.  16.  In  file  ]iiiiiienitor8,>r  8£F— D"  ud  SD*— E*  reotf 
S(E*— and  S(]l»~£>y 
In  the  fleeond  eqnalioD,  jl&r  da  read  oot 
In  the  denominator,  j%r  E*  read  £' 

^W%\.\^pr  (4.)  fimn  (8.)  rtad  (4.)  from  («.) 

—  498,  In  equation  (U.),  coeiBcient  of  8m^,yor  iinadnjS^nna, 
dtt/S^remf  rinadnj9^nn«i,MnjflLin  the  upper  line  <i^li»  ex- 
IMCMon;  and  in  the  Umerf—Jiiir  iAnfi»  ma  fit,  wheiever 
thejr  occur,  rea</  cos  ^,  cos     cos  A,  ]«peclivdy. 

-r  296, 1.  4,  Should  be  marked      (7  ) 
a&9,  XVI.  the  first  equation  should  be 


and  the  dip  in  the  last  line  should  be  d<p* 
— -  301,  The  equau  u  e.^qircfising  the  value  of  A  should  have  been  num- 
bered .....-{S.) 

304. 1.  7.  &  9,Jor  commensurable  and  incommensurable  read  rational 
tmd  irrational  respectively. 
•~  -~  1.  li,for  the  comma  at  the  in»d  ftmetioiu  read  a  fuU  point. 


—  305, 1.  2,  for  the  £wtor  without  the  radical,  via.  <i(  £  —  0  )•  read 


«•  —  1.  6,  fix)m  bottom,^^  A  2  =  x  —  4  read  A  =  2  ir  —  4 


—  SOB,  L  %  from  bott  fir  sin<p  =  6  read  sin  0  =  ooed 
S11, 1.  8,  Jbr  quadrantal  lines  read  quadratital  lone* 
— -  —  1.  12,  dele  to,  the  second  word  of  the  tine. 
I  may  here  remark,  that,  in  the  figures  there  and  elsewhere  given,  no 
attempt  at  the  ac(mracy  of  instnunental  construction  has  been  made.  It 
has  been  thought  quite  sufficient  to  convey  a  general  notion  of  the  ooune  of 
the  several  curves,  as  projected  upon  a  plane. 

•^818,  ^sfiwi  the  end  of  the  two  intermediate  values  of  cot  ^ 


807, 1.  5tjar  -  sin  ^  read  sin  -  ^ 
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P.  Slfi,  L 17,  M  (4.)  read  (ft.) 

—  L  S8k^i^cnba«9iearfiqNmitiDtlie 
S17»l-  10^q^^l]ina,iiMertaiidi-|-a^'ir 

—  —  L  1S»  ftm  iMd  «  and  he  (rin  fvorf  m  ( 

L  l^^^r  vnUbmn^  Ttad  eoiiftniut)r 
lb.  iVo/^.  I  have  attribiited  that  question  erroneously.  It  was  not  pro- 
posed by  Professor  Wallace,  but  by  Professor  Lowry,  and  I  learn  from 
my  valued  friend  that  he  had  not  entertained  any  idea  of  treating  it  in  the 
manner  derdoped  in  these  papers.  My  mistake  arose  from  its  being  pw« 
posed  anonymously,  atKl  from  my  accidentally  interchanging  in  my  own 
mind  the  signatures  used  by  tiiosc  distinguished  geometen. 

—  1.  16,  In  would  not  Xhm  dele  not 

 19,  Jor  to  search  for — some  read  tn  search— for  some 

—  323, 1.  16,  for  interesting  amusement  read  instructive  emplt^rment 

—  324,  1.  8,  for  were  read  was 

—  325, 1.  1 4,  for  R±7  or  il -^r    read  R+  r  or  R  —  r 
— .  327,  For  From  equation  (13.)  read  From  equation  (12.) 

From  eguaUon  (14.)  nad  FVom  equation  13.) 
S33, 1.  8,  /or  triangle  ia  in  leaUly  read  tUKO^  wUdt  lie  employs  is 
inicality;      and^flM^  at  Uie  and  of  the  Hune  lentenee* 
rtod  hjfl 


OK  THE  LOXODROMB. 

(Vid.  msct.  XXX.— XXXIV.) 

The  matkemaiietd  eonUmimunete  of  the  d&j^  eoune  in  letiinung  (o 
^  ome  |3aca  iridHui  changing  her  riiumh,  it  haa  haen  obQeetcd  by  a 
leanied  fiiend,  waa  not  aatia&etarily  aatahEihad  in  my  ftnner  pqicr.  He 
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rather  looks  upon  them  as  two  distinct  curves,  nvhosc  olthnate  tangents  make 
an  an^  of  180"  with  each  other.  Perhaps  my  mode  of  eonsidering  it  might 
justify  stich  an  objection — that  they  were  two  distiii  n  cuim  s,  whose  gene- 
rating azimuths  were  the  supplements  ot  cadi  oilier,  and  proict  fHni[j  con- 
trary ways  from  the  meridiaa  of  reference;  and,  therefore,  it  Im (inn's  de- 
sirable to  examine  the  qu^om  a  little  more  closely.  This  I  propose  to  do 
in  the  present  note. 

The  differential  equations  in  XXXI.,  vi2.  d6  cota  =  d<f>  coaec  fft  might 
be  written 

and  Its  uitegrai  will  therefore  be 

hgUak(±^^9!«ata.$^eoBA   •   (9) 

or  iboe.  m  u  fiNnid  in  the  pMO^  qiioted,  the  oonit    0,  and 

kgtMj^:i;-|-^s5dcota    (*) 

This  expresses  two  equal  and  symmetrical  branches  of  the  same  curve  re- 
ferred to  the  same  polar  co-ordinate^ — ^in  short,  the  points  which  geogra* 
phen  deneronuite  the  Berkeci;  and  being  indudad  in  the  aune  equa- 
tion, oonstitnte  mathematieally  eantinttous  hrmdieB  of  one  enrv^  and  net 
merely  tangential  farandieB  of  two  aepaiate  curves.  The  validity  of  the  in* 
ferenoe  is  hence  folly  estabfished,  ftr  theie  two  numbers  are  those  irindi« 
in  my  former  paper^  were  shewn  te  meet  in  the  pole;  and  benee  tbe  ship 
would  return  to  the  ssme  point  after  punning  such  a  eomne  as  waaAeiebnd 
down* 

I  was  desirous  of  inserting  here  some  further  properties  of  the  loxodnmi^ 
especially  the  analogues  to  James  B£BNOiri,LI*a  pmperties  of  the  kgsiith- 
mic  spiral  * :  but  the  space  which  I  can  allow  myself  does  not  allow  me  to 
do  so^  especially  as  I  widi  to  notice  here  a  new  curve,  having  certain  remark- 

*  Ofip^tOBi  lit 
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able  relations  to  the  loxoclromc.  I  mean  the  equi-subtangential  curve  on 
tlic  sphere,  or  as,  for  reasons  which  will  be  at  once  apparent,  I  shall  dcnoini- 
natc  it,  the  Spherical  Logarithmic  Curve.  Even  this  can  be  but  slightly 
noticed  here,  and  that  merely  to  ascertain  its  general  form,  leaving  its  invo- 
lute, evolutc,  and  locus  of  intersection  of  perpendicular  upon  tlic  tangent,  al- 
together unnoticed.  I  also  wished  to  add  some  speculations  respecting  the 
circumstances  of  the  curve  when  the  sphere  becomes  infinite  ;  but  these  must 
also  be  deferred  till  a  future  period,  when  I  can  complete  my  |)apcr  on  the 
singular  points,  etc.  of  Spherical  Ijoci. 


On  the  Spherical  IjOgnrithvtic. 

1.  The  subtangent  of  a  a>rtain  cur^e  interceptcxl  on  the  eqiuitor  by  the 
current  meridinn  is  constant, — W'hat  is  the  nature  of  the  curve? 


Lot  QF.  =  a  Im?  the  pven  subtangent :  then  by  (XVI.  2)  wo  liavi- 

tan  ESQ  =  ,  ur  «)t  KSQ  =  ^-^L   (I 

Also  by  right-angleil  triangles, 

coH  0  =  tan  a  cot  ESQ   (U.) 
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Fpom  (1,  2)  yn  bave 

±oo»arfa«±5-i^  =  ±-*^   (8.) 

Or  int^ating,  we  get 

«wfct0)= +   (4) 

Thib  cquatiou  (4)  divides  itself  into  two  pttts,  aooordiog  as  +  ^  or  —  ^  is 
takeu  ;  and  hence  wc  have 

tm(+ +    («.) 

tan(-^)  =  +  c.««*-'   (6.) 


Wo  shall  confldor  theae  equatunu  a^antely :  and,  jSr*!,  to  find  the  con- 
stunts  Cf  and 

Tolindc,pnt^s-j-;  lfatttn^sl,aadliigtMi^s<^aiidtlicnlbie 

oota.d-)>ooiiit=0,  or 

if  we  take  that  meridian  where  (p=^.  Hot  the  ongin  of    we  shall  have 

and  our  equotioii  (5)*  beeomes 

tan     =    (5) 

Sir 

Again,  take  ^±B-^;  then  tan  and  kg  tan  (~^):5log  1  acQ. 

And  henoep  as  befinre^  we  have 

c,  =  l, 

whieh  oonmts  (6)  into 

t«n(-^)«««*''   ((T) 

and  the  united  equation  (4)  may  be  written 

t«n(±:^)=r«"*»   (4) 
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We  shall  next  pro(»ed  to  investigate  its  course,  aud  we  bhall  find  that 
(5'  6')  rcprcseut  two  braDches,  uot  continuous  but  symmetrical  mth  respect 
to  the  equator. 

S.  Take  (5^ i      tan  ^ sc'^*' .  Then, 

(a,).  Let  0  =  0;  then  tan  ^  =  0»  log  tan    =  — :  and  ib  e    1,  all  its 

powettaregnatetdnm  l;andhenee6s"^,  or  the  enm  tvinda  found 

the  pole  negathefy  to  faifinity— or  the  pole  is  m  asymptote. 

{b,).  Let  0=:-^  i  then  tan  0  =      and  log  tan  0:=       or  the  equator 

IB  an  asymptote  to  the  positiTc  branch  of  the  curve. 

(c^)  At  all  intennediate  pnitioa^  the  value  of  0  is  finite,  and  either  po- 
aitiTe  ot  native. 

The  branch  of  the  curve,  then,  dengnatcd  by  (5')  winds  round  the  pole  as 
a  spiral  in  the  negative  direction  from  the  origin  of  6,  and  continually  ap- 
proximates towards  the  equator  on  the  ix)sitive  side  of  the  same  origin  ;  but 
never  reaches  either  the  pole  or  the  equator  during  any  assignable  number 
of  revolutions. 

(dt}.  l£  4>:p'  -^i  then  tan  0^ — f,  and  log  tan    isimnginaiy  t  that  is 

the  branch  denoted  by  (S')  does  net  leappear  b^ftmd  the  eqpialflr,  or  does 
not  citf  it  after  inMtdy  revolving  round  the  sphere.  • 

(f,).  There  u,  howefer,  a  aeoondaiy  Inandi  involved  in  the  sane  equation, 
fi»rtan^stan(T<|>^)S  and  henee  (fi^)  is  fidfilled  by  this  latter  system  of 
valnesof  ^asivdlasiiy  theftfmer.  At  this  point,  liowever,  the  snbtan- 
gent  a  is  chffliged  from  a  to  a  4-  t,  and  the  second  curve  is  that  which  is 
tnoed  out  by  the  op|x)site  extremity  /  of  the  diameter  pasamg  through  the 
current  point  s  of  the  first  curve.  The  second  ciurve,  or  ihii  obnieal  branch, 
as  I  have  elsewhere  called  it,  u  no<  a  solution  of  the  same  geometrkcU 
problem,  though  it  is  of  tfic  same  algebraic  equation.  They  are  not,  strict- 
ly  speaking,  branches  of  the  same  curve  :  but  they  are  solutions  of  the  same 
problem,  if,  instead  of  the  datium  bewg  a  given  arc,  it  had  been  an  arc 
VOL.  XII.  PART  U.  3  B 
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wkote  Umgmt  nor  gfVOL  Tiip  prabloB*  as  m  1»m  it  Ibr  4l|e 

tnngwt,  it  in  a  fimn  me  gooanl  Umiiifai  pnpo^;  wd  lapenJUat 
diflK  oasn  in  eommon  ilgeljm  where  indevMit  aniwen  are  n|ix«d  np  witb 
tboK  raqoirad  bf  tiie  peeuliv  tenns  of  the  quettian.  The  Mme  ie  tme  <tf 
all  the  aeeondary  bnandiei  of  spherical  cunrea  diat  remit  fion  solving  the 
questions  for  some  trigonometricul  functions  of  an  arc  instead  of  sohing 
them  for  the  arc  itself ; — y\z,  those  wbidi  we  have  denemlnaled  qrlindrieal 
hmches  given  fay  means  of  sines,  eoiiaa^  vened-dnes,  secants,  and  eoae- 
cants,  with  the  conical  ones  g^ven  by  means  of  tangents  and  cotangents. 

(X)-  '^^  ^"^^  ultimate  iadinAtioa  of  the  tangent  to  the  equator,  we 
have^  by  NAfXEB, 


T       ,  .  Sin  a 


Now  when  <p  =      we  have  cot  Q£S  =  — —  —  infinity,  or  QES  =  0. 

Hence  uUimatehi  the  curve  coincides  with  the  equator.  This  afjrces  with 
the  last  (letemunatiou, — that  the  mrve  does  not  croit  the  equator,  but 
coalesces  with  it  at  the  infinite  value  of  B. 

(^,).  To  find  the  ultimate  indinatiou  u>  the  radius-vector.  We  have 
by  Napieb, 

uM0  =  tiuiacutES^,  or 
tan  ESQ  =:  tiui  a  see  0. 

But  when    0  =  0,  aec0  — 1,  and  tan  ESQ  =  tan  a,  or 

ESQ  s  a,  or  ESQ  =   4- a*  aa  we  should  expect. 

3.  We  shall  next  take  (6'),  namely  tan  (—0)  t"*'''. 

(a^).  Let  ^bt;  them  tan  (—0)^0^  or  log  tan  ^  =      and  henee  «nee 

c^l>  ail  Its  }X)\vcrs  are  greater  than  1,  and  ooosequently  6  =  —     .  The 
eom^  (lian&n^  winda  leund  P  aa  a  polar  aqrn 
(i>Let0=  ~.  Thcnlogtan<-0)^+i.  =  mfiDity:ortf=+l. 

That  is.  the  cur\e  approximates  eotitinuiill)  lu'-^  nils  ilie  equator,  and  only 
meets  it  when    hus  ubt^ued  au  luhuite  positive  value. 
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(cj.  Atdliirtmiiedialepoiitioiu^thevdiwiirf  in 
IlieoliNrlnadi  (c^)  weliad-fir  die  foppleDMiift  Tfautif 
^,1ie  Att  Tihe  of  0  at  any  point  of  and  («r— W  Ae  vahe  of  it  ia 
tiw  pMent  CM  s  tlien  we  AbU  Im  the  am  Tdoe  of  <^  aiiptad  to 

The  «H8i  (rf^  «^/;«^)  eRieqmidng  to  (rf, leflpcdively.ae  noir 
too  olmow  to  aced  Inxdier  icniiHt. 

4.  We  may  mm  camider  its  pngections. 

(a^).  In  the  jinomofMc,  we  have  <pittting  a=  tad), 

rsotan^: 

whidi  ia  the  IqgfuriCAmic  ^jptroiL 

(6^)  On  the0g«afor«i/(9tfiMfer,idbiiB 
into  ita  eonaplement  in  the  exprenim,  «nd  ive  have 

cot  ^  =  If or  tao<f/  =  #r~~' 

which,  when  the  cylinder  is  unrolled  upon  one  of  its  taugi  at  planes,  becomes 
the  (xnmmu  or  plam  logarithmic  curve.  Tliis  logjirithinic  lies  on  the  con- 
trary aide  of  the  meiidian  (which  we  took  as  or^n  of  co-ordinates)  from  that 
upon  vdudi  the  ki^thnue  vpal  lay— aa  it  afaonld  do^ 

(c^)  The  gmmoHk  prtffoiion  of  tkie  ipkeried  kgurMmk,  then,  it 
ideutieal  (enept  aa  to  ita  paaition)  vntk  ike  ttereographk  pnffeeUon  of  the 
loandrome,  Thia  fdatioD  ia  very  heanliflilt  and  leada  n%  moreover,  to  !»> 

eonoua  idatuna  hctwecB  llie  two  enrvea* 

iflui)  Thia  iciatiaB  may  pcriiapa  he  move  elqpntfy  wyeiaBd  thna: 

"Sima  die  pole  of  the  l<^pnthmic  as  a  centre,  describe  aDoAer  apbava 
equd  to  that  upoawliidi  the  kgarithaaieia  traced ;  then  thegnomonic  pro- 
jection of  the  kigBrithmic  upon  the  socood  sphere  is  a  loxodmaw  wlioae 
rhumb  is  measured  by  the  siUitangent  of  the  logarithmic ;  and  oonTersely, 

From  the  pole  of  the  loxodrome  as  a  centre,  describe  a  second  sphere, 
equal  to  that  upon  which  the  loxodrome  is  traced  ;  then  the  stereographic 
projection  of  the  loxodrome  upon  the  second  sphere  vnil  be  a  logarithmic 
whoae  subtangcDt  measures  the  rhumb  of  the  loxodrome. 

3h2 
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{€„)  The  pveeeding  dednelaoai  «p|ily  immediatdy  to  tihe  fint  bnmdi  ty- 
io^aiitlielKmupliaiieiiexttoP;  Imt  «iiul«r  one*  abo  i^ply  to  lint  lyin^ 
upon  the  odier  faendiphne:  and  indeed  the  nnrnlV>d  logMadmue  ftumUied 
by  theae  two  qpherical  symmetrical  branches,  concflpond  to  Uie  two  iynun^ 
trical  bmnchcs  which  we  ought  to  have  in  the  common  logarithmic 

(Xj,)  The  other  projections,  though  giving  ne«t  results  in  an  algebrai- 
cal  and  geometrical  pint  of  view,  do  not  call  for  any  special  '^'■mirwiffini  We 
shall  tlierefore  merely  put  them  down  fiigr  the  fint  branch  (P), 

Ortbqgraphic 

Stereographic : 

according  as  the  first  or  second  pol^  are  taken  for  the  second  or  first  branch 
of  the  curve. 

P.  847, L  14,7^  neoea  rtad  xma 
«..849,  Eq.  ti.^  ones  read  eoe^s 
—  850,  Number  the  figure  88. 

Ineq.  (18.)^  oota— ^0^1   mnleota— 1 
^  801,  £q.  (IS.)  for  cot  X  siii*^      read  eotX  an^ 

858,  Number  the  figure  (29.) 
mm,  Sfifi,  In  Kote  (B)  of  the  former  part  of  this  dissertation,  I  employed 
the  term  **  region"  to  designate  the  right  octants  of  the  sphere,  formed  by 
two  meridians  at  riglit  angles  to  one  another  and  to  the  equator.  In  some 
subsequent  in(juiriei4  where  i  had  occasion  to  frequently  refer  to  thes4.' 
rc^onft,  it  occurred  to  me  that  the  trouble  of  contuiually  writing  them 
might  be  ^  ery  much  lessened,  at  the  same  time  that  greater  perspiaiity 
would  be  protluced,  by  merely  putting  dowu  the  number  itself  which  ex- 
l>rci>sed  the  quadrant  of  either  ^  or  0  in  which  the  point  spoken  of  was  si- 
tuated, this  numlKHT  being  so  marked  as  to  prevent  ita  being  mistaken  for 
any  thing  else  than  a  statement  of  that  eiscumstanee.  The  method  enu 
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ployed  by  VakDiemohvs  tu  devgnatang  the  squiict  of  the  dieM4MMid* 
appewed  to  me  adninUy  Utted  •]•»  fiv  lliis  purpose^  nd  dMRfive  I  have 
adopted  it 

Hie  legion  of  iftolutkii  and  the  n^imi  of  polar  diatanee  aze  eoigoiiitly 
written  thus        :  where  »  is  die  revolution,  and  m  Ae  polar  dirtaace. 

It  agnifica  that  the  pobt  ia  in  the  ^^^tb  ngUm.  Thnu^^^  ia  thefimrtb 

qnadiant  of  Ihe  equator,  and  tibe  thiid  of  the  o>oveab1e  meridian.  EaUha 

or  boA of  iheaeinay  be  negative,  as  ("4)'  o*"  ("4)'     (—  4)'  ^^wnU 

ing  as  the  quadrants  dcbiguated  by  these  are  reckoned  on  the  positiTe  or  ne- 
gative side  of  the  origin. 

When  the  point  is  in  one  of  the  rectangular  meridians,  the  revolutiou 
has  proceeded  through  a  certain  number,  p,  of  quadrants.    This  will  be 


by  ^  •  1^  *  ^       ^       diatanee  haa 

thran^  r  qnadnmti^  we  have  tina  deagiiated  hy  ^  When  it  is 

at  the  end  of  p  quadranta  of  longitiid^  and  r  of  poiar  difltanoe^  vie  muat 


Lastly,  if  we  know  scijaratcly  the  quadrant  of  revolution  n,  or  of  polar 
distance  m,  but  have  nut  ascertained,  or  do  not  wish  to  cxpr^  the  remun- 

Theae  will  be  ihlly  adequate  to  expreaa  all  paia3>le  variedea  of  oomU- 
nation  ctf  ^  and  $. 

Whether  the  reference  to  Ae  equator  in  case  of  the  equatoreal,  latitu- 
dinalt  or  loqgitudinal  f  00-ordmateo,  would  not  be  better  made  by  the  i^per 


*  Mem.  (Ji>  I'Aiad.      Scien.  1771,  fp.£06-7d.   Tbe  owIImhIww      ^fdiadby bin 

to  sp«c«  wt'  three  dintemiona. 

t  8m  At  MrthMartiwI  B«po«itory  (No.  25.),  Stt  •  dhamiM  «r  tliMe  Jkmm 
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iiindNr*  ii  a  qwition  diat  ndf^  «^  in  «  futora  flag*  «^ 
of  thow  ulyects ;  but  I  baw  ibaad  hd  am  in  idiidi  it  appears  to  be  of  aaj 
consequence  whether  wc  commence  our  expression  by  the  distance  from  the 
pole  or  from  the  equator.  If  it  can  operate  at  aU,  it  iviU  arise  finm  the  oom- 
bination  of  those  indices  in  framing  classifications  symmetrieal  in  their  fnrmR 
— an  object  that  I  can  readily  admit  is  likely  to  be  of  use  in  our  description  of 
lod,  thou^  I  have  not  met  ^"ritb  any  instance  where  I  could  upply  it  with 
particular  advantage.  In  case,  however,  of  such  method  at  any  fiitnrc  time 
becoming  desirable,  wc  can  distinguisli  tlic  two  metho<ls,  by  prefixing  I*  and 

£  to  the  indioeB  ra^ectively.   Thus,  E       designates  in  the  second  quad- 

not  of  positive  vevdutioii,  and  in  the  lihiid  poHtive  qnadmt  of  Intifeude 

totlieeaiapoiiitiif  nvvUilaoDfaBdP  (^l^  sigiillatlwaaiiBtiiiagaB 

formerly  expressed  by  ^^g^.  In  our  investigations,  however,  we  have  al- 

WfB  ledconed  from  the  polet  end,  at  the  same  iisic^  ewplfliyed  tlie  indices 
without  the  P  prefixed. 

P.  $66,  line  after  eq.       poiniB  upon  read  two  pomts  iat  eadt  valne 

of  nn  0 

—  S57,  The  statement  here  made  is  enoncouK— it  originatctl  in  a  mts- 
tiiki'  in  the  rednctious.  The  equation  of  the  locus  of  the  intersection  of  the 
jwriK'udiciiiiir  upon  the  tangent  with  the  tangent,  maybe  easily  investigated, 
and  is  at  all  events,  though  not  a  circle,  yet  a  conic  section.  The  same 
conclusion  is  obtained  by  Professor  Gudekmann  *,  though  his  process^ 
have  not  the  slightest  resembbmce  to  mine. 

Thot^  the  tMkgjis  not  iB?aiiali1e  as  to  the  Meniieal  %ures,  dMR  ■ 
still  always  a  great  leaBmtlanee.  The  figures,  if  not  identical,  are  yefcof  the 
same  finniljr.  Vot  tlte  saite  of  iUustmtion,  I  shall  hevc^  inrtfatl  of  dia^  add 
the  analyses  of  one  or  tiro  other  pn^ositions.  I  mxaU  howemv  &st  leaaaric, 
ihattiiedoaUe  sign  shovdd  have  been  prefixed  to  the  general ftcal  equathm 
of  the  eonie  seetion  at  p.  358»  vis. 
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,  oosSa  —  cMie 

tan  0  =      —  :  Tt 

^        an  2  a  ^  sin  2  (  oo«  a 

the  upper  denoting  the  cUipscs  and  the  lower  the  hyperbola.  Also  the  pa- 
rabola,  being  either  au  elli]>se  or  hyperbola,  should  be  written 

ian<^  =  _^-   

The  focal  radii-vectores  make  equal  anglea  with  the  tangent. 
Let  us  take  P  for  pole,  and  the  other  parts  as  in  the  figure. 


Then,  per  table, 


COH" 


»LMP  = 


(1) 


sin  0    I   s   a  1 

^    I  cos  2  a — cos2f  \    ,\  ii\ 

cos2f  — co«2(aqp«/>)  ,g  v 


Also, 


sin*  LMP  =  1  —  cos*  LMl*  = 


cos  2  a  —  C08  2  6 
cos  2  a  —  i-o*  2  (a":?:  </>') 
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Kdw,  this  being  s\-minetrical  in  respect  to  2a  ([>  antl  0,  shews  that  the 
same  angle  is  formal  uhothor  rVic  mdius-vector  be  </>  or  2a±0.  That  is, 
at  M  or  M'.  Now,  rclcrred  to  tlu'  other  focus,  P'M  (=2a7^>  becomes 
0 ;  or,  in  other  words,  FM  =  PM'.  and  .  • .  T'MI.  =  PM'L'  =  PML. 

Again,  put  cos  2  a  —  cos  2  (  =  2  cos*  a  —  2  cos'    then  (3.)  becomes 

•  a  T  wn  COS*0  CO^  €  g. 

"^J^==^=A»(*a=F^)A,^  

vbidi  ii  analogous  to  a  weQ  known  property  of  plaiie  eonlc  teetioiii. 
Monoveif 

rioFLsniFMMnPlfL 

vhidit  nwiltijliwl,  give 

«n PL anPL'srin PM  m  FTM  ^  PIO. 

=q=  {«o^  a  —  cos* 

(&) 

In  plaae  coilie  leetkoiit  bPL .  P'L'ad^  (1  —       (enqj.  aiiif. 

It  would  be  easy,  obviously,  to  pursue  these  reaearchcs  to  any  extent,  ha- 
\nnp  "^o  many  properties  of  the  plane  conic  sections  before  us  to  suggest  the 
correlative  spherical  ones :  this  I  conceive  is  unnecessary'  in  the  present 
paper.    It  will*  however,  be  done  in  the  Mathematical  Repository. 

P.  S61, 17»  ddeiJtA 
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NoTB  E,  p.  861. 

I  may  htre  notice,  that  the  error  of  Mr  Howaed,  in  assigning  the  nature  of  tin- 
curve  referred  to  in  this  note,  wa.s  pointed  out  by  Mr  Lowby  in  the  old  aeries  of  the 
Matheniatiflal  Bepository,  vol.  i.  p.  419.  mhw  gendeman  ako  in  that  (now  ex- 
tWBMljr  t^roe)  work  ginre  m  camidenlde  number  of  new  end  vtty  curiom  theorauK 
in  spherical  geometry  and  spherical  trigonometry,  as  well  as  in  the  successive  vo- 
lumes of  the  new  series  of  the  RqviaittirY.  lie  appears,  indeed,  to  be  almost  the  only 
fnglish  geometer  who  liaa  given  much  attention  to  Uie»e  suLjecUs,  or  made  any  ad- 
ditJoM  of  caneequenee  to  our  knowledge  on  tfie  mifajeeL 

I  have  no  wiah,  however,  to  disparage  the  work  of  Mr  Howabd,  for  it  **ttf**ft** 
much  ingenuity  in  several  parts,  though  it  bears  all  the  marks  of  its  hasty  compoiU 
tiun  ;  and  that  ill-fated  mathematician  has  alao  the  additional  merit  of  directing  Mr 
Low«v\  attention  to  that  dais  of  inqumce.  But  setting  made  the  general  merit  of 
hie  work,  the  beauty  of  several  of  his  propositions,  and  the  mathematical  difficulties 
which  were  inherent  in  the  iiiethrHl  of  investigation  he  eniplnvexl,  it  iiiav  bt-  predicted, 
that  Howard's  name  will  be  remembered  as  long  a»  spherical  geometry  is  culti* 
vaied,  for  that  beautifiil  theorem  which  he  diacorewH^— that  Uit  inatt^s  upon  equal 
hoses  and  between  equal  paralkl  circl<'  f,  being  egtuL  It  ia^  jodecdi  one  of  the  moat 
Ix'aiitiful  pro{>erties  vet  known  in  spherical  gcnmctry,  nnd  one,  perhaps,  yielding  to 
no  other  in  the  richness  of  its  con$equ«iGe».  Howakd,  too,  was  the  first  systematic 
writer  on  the  euhject  amoogit  us. 

I  had  in  tliat  note  mentioned  all  the  wridnga  that  had  then  eome  to  my  Itnow- 
ledge  on  the  subject  of  spherical  co-ordinates.  I  have  now  to  add,  that  Professor 
GfUKHMAKK  of  Cleve  published  a  little  work  on  the  same  subject  in  1880,  under 
the  title  of  GrundrUts  der  Spkarik  Anai^tiKhen.  Thi&  work,  tliuugh  I  have  so  long 
ddajed  the  oompletkMi  of  my  own  paper*  with  a  hope  lo  avaQ  myadf  of  the  advan- 
tage of  ompaiisoa  with  the  work  of  an  independent  Inquirer,  I  have  never  been  able 
to  procure ;  and,  indee«l,  since  I  have  tried  every  roethoti  that  ofTered  the  leaat 
prospect  of  success,  without  avail,  I  scarcely  now  can  expect  to  obtain  it. 

The  kamed  Ocnnan  Pnrfeamr  liaa  also  puUiahed  some  articles  on  the  same  and 
collateral  subjects  in  Crelle'r  Berlin  Journal  f&r  «Bt  rnne  md  angwandte  Mathe- 
matik.  My  nttenfion  was  fir-^t  callwl  to  this  circumstance  by  a  learned  friend,  who 
pointed  out  a  notice  in  the  Bulletin  dee  Sciences  Matbematiques  de  Fsschac,  in 
which  a  very  hrief  notioe  of  one  of  On/aMMAmC*  papeia  was  inserted.  Upon 
ferring  to  Cbblle  for  the  original  paper,  I  found  it  imposnUt  to  asoertain  with  cer- 
tainty the  nature  of  Gudf.umann's  prtx-csso*,  which  rested  upon  theorems  and  me- 
thods laid  down  in  his  treutise,  and  which  were  only  referred  to  in  the  said  paper. 
All  his  luhiequent  writings  that  have  reference  to  led,  are  nnnlarly  incapdde  of  in- 
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ttrpretalion  WTthottt  nctTial  refiTcnro  to  lii^  l><H)k.  His  plaii  apjjears  to  Ik  ,  howpver, 
Hu  far  as  I  can  infer  it  frum  certain  passages  in  Cbei.i.e,  to  take  the  equation  of  a 
plane  curve^  and  convert  it  into  spherical  form  by  writing  sin  or  tan  before  the  va- 
mbke,  aoooiding  to  wme  law  detonnined  in  his  work,  but  which  cannot  be  distinct- 
ly gathered  from  his  papers. 

If  this  be  not  hi-;  plan,  his  papers  are  j»erfirt!v  imintellii^n')!^  "i>^  If  it  be 
hi6  plan,  it  haa  not  one  ti"«ture  in  coumion  with  my  own,  except  the  simple  tunda. 
■oental  idea  of  employing  txeo  supeifidal  oo^ordinatet,  inetead  of  Uiree  linear 
tftaat.  I  will  say  nion-  1 1'  his  method  is  to  transfonu  tin  jilanc  equations  into apheri* 
cal  ones,  by  t!ie  insertion  of  the  trigonometriral  functional  i  liarat  ti^ri^^tiri  amongst 
the  terois  of  the  ecjuation,  it  will  certainly  lead  bim  into  error.  Such  a  principle  can 
only  be  CMind«d  on  projective  oanndcMtiat» :  but  I  have  aMertafaied  tl»t  projective 
conndentiona  are  intitfficient  even  to  obtain  with  ootatnly  the  pbne  fiwm  the  <phe> 
rical  property  ;  and  much  more  must  they  be  insufident  to  enable  us  to  asdgn  the 
spherical  from  a  knowK'diri-  of  the  plane  equation. 

I  should  Ix;  doing  great  injustice  to  VtoSanmt  GcDEgUAKN  were  I  not  to  kpeak 
in  die  highest  tectn*  of  pnnte  of  the  elegant  theorems  whidi  he  baa  enunciated,  and 
to  which  he  has  aifixed  his  own  methods  of  ])roof,  I  have  gone  through  the  greater 
part  of  them  by  means  of  the  system  dovol<>|K  i!  in  these  [>a}K'rs,  and  find  them  tnii- 
Such  a  oonndemble  number  of  properties  of  spherical  tigurea,  whilst  they  are  cal- 
culaled  tocrarte  a  high  opinion  of  audior*s  taste  and  skill,  aie  nbo  wdl  ada{^ed 
to  interest  the  attention  of  nMtheniaidcians  by  their  beau^,  both  of  algebraical  Jbrm 
and  geometrical  cnundatian. 


EVUTVH,      Pl|geSaS,line  ll.ft«nbotloin,>rp,aA,f«Mrik 
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Eapmmental  JRetearehes  regarding  eertom  VUtraHoat  urAusft  tak^ 
plaee  betvoeen  MefalSe  Mauet  having  d^lhmt  Temperatttrea. 
By  James  D.  Foubes,  Esq.  F.R.SS.  L.  k  Professor  of 
Natuial  Philosophy  in  the  Univexsity  of  Edinboi^ 


(Read  \m  March  and  \at  April  1833.) 


the  17th  January  18S1,  Mr  Akthuh  Txevelyan  com* 
mimioated  to  the  Royal  Society  of  Edmbuigli  a  paper,  entitled 
**  Notice  r^vding  some  phenomena  obserred  during  the  Cool- 
ing of  certain  Metak  placed  in  contact  with  Lead.**  This  was 
the  first  aooount  published  of  the  remaricable  discoTcry  made  by 
that  gendeman,  of  a  most  curious  class  of  plienoraenaf  which  till 
then  was  unknown  to  the  scientific  world.  This  paper  was  after- 
wards pubhshed,  witli  some  additions,  in  the  12th  volume  of  the 
Transactions  of  that  body,  under  the  title  of  **  Notice  regarding 
some  Observations  on  thf'  Vibrations  of  Heated  Metals." 

J3.  Mr  Trfvki.van  had,  in  February  18.','!),  first  ol>served  the 
phenomena  just  alluded  to,  which  consist  in  certain  tremulous 
motions  ucconipanied  by  sounds,  often  highly  musical  excited  in 
many  metals  wliile  hot,  placed  in  contact  with  lead  or  tin,  at  a 
lower  temperature.  The  method  of  rendering  these  conspicuous 
will  he  understood  fieom  Plate  X.  Fig.  1,  where  A  r^resents  a 
block  of  lead,  and  B  a  bar  of  some  other  meta]»  such  as  brass 
or  copper,  whidi  is  made  of  such  a  form  as  to  vibrate  readily 
upon  two  points  of  support,  fivrmed  by  the  solid  angles  oS  a  ridge 
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lefl  on  its  lower  surface,  which  is  bevelled  away  on  either  side. 
The  narrower  this  ridge,  of  course  the  more  easily  the  eqilifi- 

brium  is  disturbed.  No  sooner  i.s  the  bar  of  copper,  iron,  or 
other  hard  metal,  placed  upon  the  lead-block,  the  fornior  b^i:^ 
heated  to  a  moderate  temperature,  than  visible  vibrations  com- 
mence, the  bar  osciliatiuLi  upon  its  horizontal  axis.  Musical 
notes  are  not  always  prociuccd,  but  f^nerally  under  the  cireum- 
stauces  ;sl»urtly  to  be  noticed.  boon  after  Mr  Thevelyan's 
eomniunieation  to  the  Royal  Society  of  Edinburgh,  the  subject 
was  taken  up  by  Professor  Leslie  and  Mr  i  akadav,  both  of  whom 
explained  the  vibrations  upon  recognised  principles,  and  did  not 
conceiTe  that  any  new  mode  of  action  ivas  concerned  in  thdr 
piroduction.  Doubts  which  I  Yentured  to  entertain  as  to  the 
Goticlnsion&  of  these  eminent  individuals,  led  me  to  investigate 
the  subject  e^aerimentally,  h^  which  these  doubts  virrare  strongly 
confirmed.  Facts  increased  in  numbcTt  and  I  was  forced  to 
abandon  several  successive  hypotheses.  The  real  difficulty  of 
the  subject,  and  the  singular  conclusiona  deducible  fiom  several 
of  my  experiments,  led  me  to  delay  putting  together  the  facts 
which  I  had  accumulated,  into  the  form  of  apsper.  Nearly  two 
years  having  now  elapsed  since  the  commencement  of  my  expe- 
ritncnts  (which  were  almost  all  made  in  the  summer  of  1831), 
and  no  one  else  having  taken  up  tlie  investigation,  I  have  re- 
solved to  pubUsh  the  conclusions  at  which  I  have  arrived,  though 
such  is  are  purely  theoretical  I  offer  with  all  the  diffidence  which 
u  speculation  coiuiected  with  sonic  of  the  most  unexplained  pro- 
cesses in  natural  science  requires. 

S.  I  propose  to  divide  this  paper  into  three  sections, — first, 
on  the  nmionMena  of  Sound,  as  thoae  iriuch  earliest  presented 
themadve^  and  the  connderation  of  wlucfa  will  pave  the  way  to 
farther  inquiries ;  second,  on  the  Phenomena  of  Vibration ;  and, 
third,  on  the  Theory  of  these  Phenomena. 
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I.  PHENOMENA  OF  SOUND. 


4.  Musical  sounds  do  not  always  accompany  the  vibrations 
above  deaeribed.  Thero  is  one  condition  or  modification  of  the 
apparatus  which  g^onUy  ensuxes  their  production.  If  a  gFoove 
be  made  either  in  the  bar  or  block,  as  shewn  in  the  sections 
Fig.  2f  in  the  direction  of  the  axis  of  the  bar»  and  sqiaiatiDg  the 
points  of  contact  with  the  Uods,  upon  whidi  the  bar  oedUatei^ 
we  shall  lardy  fail  in  producing  the  sound.  These  sounds  gene- 
rally commence  with  a  deep  base  note,  which  lises  as  the  experi- 
ment proceeds,  and  as  the  equilibrium  of  temperature  of  the  two 
metals  approaches  *,  sometimes  rising  suddenly  an  octave  in  the 
most  fitful  manner,  and  occasionally  redcscending.  Mr  Tre- 
VELYAN,  in  his  paper  just  alluded  to,  lias  treated  of  the  sounds 
thus  produced,  and  seems  to  consider  the  phenomena  introduced 
by  the  condition  of  the  groove,  of  an  essentially  different  class 
from  the  others.  Tie  assumes  that  the  only  effect  of  tlie  {Groove 
is,  that  it  may  allow  a  current  of  heated  air  to  pass  through 
it;  yet  he  admits  that  this  current  is  not  sulficient  ahne  to 
produce  musical  notes,  because  no  such  occur  when  vibration!^ 
do  not  take  place ;  nor  yet,  according  to  him,  do  the  Tibra- 
tions  suffice,  since  they  require  the  supposed  curient  o€  air 
introduced  hj  the  groove  to  complete  the  eflfect  In  hu  enu- 
meration of  the  souroea  of  musical  notes,  Mr  Tretblyav  has 
omitted  to  slate  that  the  mere  accumulation  of  impulsea  of  any 
kind  up  to  a  certain  number  in  a  second,  produces  alone  a 
musidl  sound  depending  upon  that  number.  This  Mr  Fara- 
day readily  shewed  to  be  the  true  cause  of  the  musical  sounds 
produced  in  this  experiment,  namely,  the  number  of  contacts 
of  the  hot  with  tlie  cold  metal  in  a  second,  and  lie  illustrated 
the  fact  by  putting  a  cold  bar  of  metal  in  vibration  by  means  of 
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1^  cotresponding  expannouB  and  oootiactioiu  c^a  pair  of  sugar- 
tongs  connected  ^th  it,  wlim  sounds  quite  analogous  to  those 
just  alluded  to  were  produoed  *.  So  lar  l/b  Fakaday  complete- 
ly established  die  dependence  of  these  sounds  upon  the  vi- 
biationfi.  He  did  not>  however,  indude  in  his  explanation  the 
action  of  the  groove  in  producing  them,  which  therefore  be* 
came  an  object  of  niy  attention.  To  shew  that  there  was  no 
action  such  as  tlie  impulsion  of  air  tlirough  an  orifice^  which 
seemed  to  have  been  contemplated  by  Mr  Trevelyan,  I  caused 
a  hot  bar  to  vibrate  upon  tAvo  pieces  of  lead,  tlie  two  striking 
parts  or  solid  angles  of  the  bar  impinginn^  upon  (/ijferent  masses 
<>t"  lead,  at  a  distance  of  about  a  quarter  of  an  inch,  I'ig.  3  ;  the 
etiect  wiLs  precisely  similar  to  that  of  a  groove  cut  of  the  same 
breadth  in  a  single  piece  of  lead,  and  of  the  smallest  possible 
depth.  In  ortler  to  shew  that  the  motion  of  air  had  nothing 
whatever  to  do  even  with  the  tone,  I  allowed  the  instrument  to 
acquire  a  steady  note  with  the  two  masses  of  lead  just  d^cribed, 
and  then  carefully  closed  the  edges  of  the  apace  between  the 
masses  with  adhesive  paste,  yet  not  the  sli^test  change  of  note 
was  perceptible :  this  was  several  times  repeated  with  the  same 
results.  We  must,  thesefore,  in  its  fidlest  extent,  deny  the  in- 
fluence of  any  inwginaiy  current  of  ahr  in  the  production  of  the 
sound. 

5.  What,  then,  is  the  influence  of  the  |pK>ove  ?  The  answer  is 
simply  and  easily  proved  by  experiment,  merely  that  the  rapidity 
of  the  vibrations  is  in  some  way  increased  by  its  ponesence.  When 
both  surfaces  are  smooth,  the  vibrations  are  comparatively  slow, 
and  mij»ht  almost  be  counted ;  sometimes  with  the  form  of  bar  I 
have  used,  they  do  not  exceed  twenty  in  a  second  Tn  fact,  the 
phenomena  essentially  depend  upon  the  form  of  apparatus  em- 
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ployed.  Mr  Thevklvan  practicallj  found  the  influence  of  tlizow- 
ing  the  mass  of  matter  to  the  sides  of  the  bar,  so  as  to  render  its 
equilihriiim  more  unstable^  and  thus  lengthening  the  period  of  its 
vibrations ;  and  Mr  Faraday  ^11  observed,  that  the  pressure  of 
the  finger  upon  the  upper  part  of  the  bar,  while  in  a  state  of  vi- 
bration, by  shortening  the  period  of  08(»UaticHi,  raised  the  note  to 
a  great  extent,  and  rendered  the  sounds  musical,  when  before  they 
were  not  so.  In  the  bars  which  I  have  generally  employed,  the  back 
was  hollowed  out,  as  shewn  in  the  section  Fig.  4^  which  served 
both  to  diminish  the  quantity  of  matter  near  the  axis,  and  to 
contain  a  portion  of  mercury,  the  bright  surface  of  which  I  found 
a  convenient  test  of  the  existence  of  oscillations  too  minute  to 
be  readily  perceived  by  the  e}  e,  as  was  f^enerally  the  ease  \\\\cn 
the  sounds  were  mii'-u  -il  'Vhvy  eoukl  always  be  detected  like- 
wise by  approaching  the  ptntit  of  the  fin<rer  gently  to  the  bar. 
This  will  even  detect  vibrations  which  produce  no  visible  tre- 
mor in  a  clear  git)bide  of  mercury. 

6.  I  trust  T  have  now  shewn  that  all  the  phenomena  of 
sound  are  ultimately  resolvable  into  those  of  simple  vibration. 
There  are  one  or  two  facts  connected  with,  and  indicated  by,  the 
musicsl  tone^  which  we  shall  more  particularly  consider  in  treat- 
ing of  the  modificatiim  of  the  vibrations.  These  are  especially 
the  sudden  changes  in  the  note  of  the  instrument,  which  gen«!8l- 
ly  rumr  as  the  ocperiment  proceeds,  and  the  influence  of  the 
groove  in  rairing  the  note,  that  isi  rendering  the  vibntioiiB  moace 
frequent. 

7.  We  have  only  a  remark  to  make  upon  the  oAaabtte  vdo- 
city  of  these  osciUations,  which  the  sound  produced  affords  the 
only  accurate  way  of  estimating.  With  one  of  the  ordinary  bars 
such  as  I  have  been  in  the  habit  of  using,  the  highest  note  which 
I  have  distinctly  observed  and  compared,  was  A  above  tlie  mid- 
dle C  of  the  pianoforte,  which  corresponds  to  480  vibrations 
in  a  second.    From  this  velocity  (and  it  is  oilen  very  much 
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greater),  the  tone  descends  through  all  the  lower  notes  down  to 
the  smallest  numbor  of  vibrations  pioducing  a  musical  not^  eren 

to  about  9,0  in  a  second. 

8.  From  wliat  l>as  been  now  said,  are  prr  jiarfxl  to  main- 
tain that  the  piienomcna  of  sound  are  all  referable  to  phenomena 
of  vibration,  and  we  miigt  seek  an  explanation  of  the  modifica- 
tions observable  in  the  ibrmer,  in  those  of  the  latter. 

IL  PHBNOMBNA  OP  VIBRATION. 

9.  When  a  rocking  bar,  such  as  has  been  above  described,  is 
put  in  motion  upon  a  block  of  metsil,  the  temperatures  being 
equal,  the  vibrations  graduaUy  diminish  in  extmt,  and  by  the 
sunpte  action  of  gmvily  are  very  speedily  annihilated.  That  this 
may  not  be  the  esse*  as  we  find  it  is  not  under  some  ciicnmstanoes 
already  aUuded  to^  namdy,  where  certain  different  metals,  and  at 
dii&rent  temperatures,  are  employed,  we  roust  admit  the  exist- 
ence of  some  impulse  which  prolongs  the  time  during  whiel]  the 
oscillations  are  kept  up.  This  impulse  can  onh  be  received  du- 
rin2:  the  successive  contacts  at  the  two  bearing  jwints  of  hetero- 
geneous metals,  and  may  safely  be  assumed  to  de[)end  in  some 
way  or  other  upon  the  propagation  of  heat,  since  tiie  effect  does 
not  take  ])lace,  unless  the  tcmperatvires  be  different,  nor  is  it  in- 
(lifferent  which  of  the  two  kinds  oi  jiu  tal  has  the  highest  tem- 
perature The  impulse,  of  whatever  kliul  it  be,  resembles  that 
derivetl  by  a  pendulum  from  the  pallets  of  a  timekeeper,  which 
in  lact  is  the  sustaining poww  of  the  medianism. 

10.  The  arcs  of  vibraticm  of  course  depend,  other  thiqgs  be^ 
ing  equal,  upon  the  intensity  of  the  impulse  communicated  to 
the  bar. 

11.  We  have  already  noticed,  that  various  circumstances 
tend  to  modify  materially  the  diameter  cf  the  vibrational  parti* 


Digitized  by  Google 


between  MietaBie  Meeeea  havhig  ^Jgkrent  TempenOaree.  435 


Gularly  as  to  their  distinctness  and  duration  ;  a  little  practice  is 
required  to  distinguish  between  the  mere  mechanical  oscillations 
of  a  bar  once  made  to  vibrate,  and  a  true  vibration  depending 

on  an  impnlsi:'  received  at  each  successive  conlact.  There  is,  in 
ir(  111  this  difference,  even  vvlierc  the  suistaining  power  is  very 
feeble,  that  whereas  the  oscillations  arising  merely  from  gravity 
rapidly  diminish  from  the  very  first,  if  there  he  a  true  sustaining 
power,  they  will  rather  im  lease  in  energy  and  distinctness  for 
soim  tiiiie,  Irora  the  accumulated  effect  of  succejssive  though 
small  impulses. 

12.  We  proceed  to  examine  the  iiiilut  nce  of  contingent  cir- 
cumstances upon  ilie  intensity  of  these  vibrations. 

1.  Rdathm  to  <fte  Specific  Charaeten  qf^  SvbHances  employed* 

13.  The  first  general  law  of  these  vibrations  may  In  consi- 
dered to  be,  that  fhei/  never  take  place  beUveeii  suLstaitct^a  of  tlie 
same  nature.  T]li^  is  probably  quite  general.  An  exception  is 
noticed  by  Mr  Tkkvklyan,  who  thinks  iliaL  he  observed  a  \  ihra- 
tion  of  a  copper  bar  upon  a  copper  block ;  I  am  inclined  to  think 
that  lie  bad  mistaken  the  osciUatiaiis  connected  with  the  sunple 
law  of  grwvitj  for  a  true  vibratioii,  as  I  have  in  vain  endeaToni^ 
ed  to  repeat  the  experimoit. 

14.  The  seccHid  genml  hiw  that  dolA  wbetaneee  muH  he 
metoBie.  I  have  never  seen  a  sbgle  exception  to  ihis  kw  * ;  Mr 
TftEVELYAH,  however,  thinks  that  he  ohserved  a  vibration  upm 
^ass.  It  is  a  remarkable  fact,  substantiated  by  experiments  whidi 
will  presently  be  mentioned,  that  all  metals  do  not  poss^  the 
property  alluded  to.  It  was  natural  to  divide  the  metals  into 
two  classes  one  o£  whidb  mi^t  form  the  heated  bar,  the  other, 
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the  cold  bloc  k  ,  and  it  was  also  natural  to  suppose  that  metals 
excluded  from  the  one  class  belonged  to  the  other.  I  have, 
however,  discovered,  that  at  least  two  mc  talis  are  perfecil)  iucrt, 
in  .dither  situation,  namely  antimony  and  bismuth. 

15.  M  tn  early  peiiod  I  found  (as  Mr  Tkkvklyjoi  abo  did 
independently),  that  the  position  of  the  bar  and  block  were  coq- 
tvecttble ;  I  mean,  that  the  metal  commonly  lued  for  the  -blodc 
■mig^t  he-employed  for  the  bar,  and  vie$  vena,  provided  alwayi^ 
that  the  same  metal  was  always  hotter  or  colder  (as  e^erienoe 
showed  to  be  necessary)  than  the  other.  Thus,  Mr  Tbevelyah 
announced  that  a  bar  of  Ao^  iron  or  copper  placed  on  a  block  of 
cold  lead  or  tin,  produced  vibrations ;  but  we  shall  still  have  the 
same  phenomena,  provided  we  use  a  coid  bar  of  lead  or  tin  placed 
upon  a  hot  block  of  iron  or  copper. 

U).  Mr  Trf.velvan  having  observed  that  lead  and  tin  were 
tho  niotals  A\liich  rwjuired  to  he  coldj  and  tliat  metals  which  he 
designates  as  "  hard, "  such  as  iron  and  copper,  must  be  hot,  he 
naturally  draws  a  division  between  two  classe  s  of  metals  quite 
distinct,  each  of  which  require  certain  conibuuus  to  produce  the 
vibrations.  Mr  Farahay  having  taken  up  the  subject,  found 
that  hot  silver  vibrated  on  cold  iron,  a  fact  observed  by  silver- 
smiths, thus  finrming  a  link  between  the  dasae^  and  shewing 
that  a  metal  which  requires  to  be  cold  lelatively  to  a  second 
metal,  must  be  hot  rdatiTely  to  a  third.  Some  theoretacal  views 
whidi  we  shall  presratly  advert  to^  and  to  which  eaqiarience  did 
not  seem  to  he  opposed,  led  Mr  Tabaday  to  the  conclusion  that 
the  arrang^ent  of  the  metals  with  r^aid  to  their  power  of  vi- 
brating with  one  another,  was  directly  as  their  conducting  power 
for  heat,  and  inversely  as  their  expansibility.  The  metal  stand- 
ing highest  on  the  scale  of  metals  thus  formed,  being  necessarily 
the  hot  one  relatively  to  the  other,  which  stood  lower  on  the 
-same^sode.  These  observationB  of  Mr  Farabat,  were  given  in 
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a  lecture  at  the  Royal  Institittion  in  April  1881,  and  were  pub^ 
lidicd  in  the  Journal  edited  tlicre. 

17.  Mr  Fakaday  having  pointed  out  the  ai i ruii^LTiient  of 
metals  alluded  to  ns  a  theoretical  result,  though  confirmed  in  some 
pomts  by  experiment,  1  conceivctl  that  tlie  only  true  way  of  ar- 
riving at  an  explanation  of  tlie  phenomena,  would  be  to  classify 
the  metals  by  experiment  in  the  order  of  their  inteiisii  v  ami  (Us- 
tinctness  of  vibrating  power.  In  this  impiiry  I  fouiid  Jiiaiiy  diffi- 
culties, diiefly  arising  from  the  apparently  capricious  nature  oi 
the  effects  produced,  which  for  a  long  time  seemed  almost  to 
baffle  an  ottonpt  at  chwification  i  and  it  was  only  by  reiteniled 
series  of  eiqperimeiitSy  at  di^rent  tune^  and  made  in  difflbrent 
ways,  that  I  could  satisfy  myself  of  the  degree  of  aocmacy  to 
which  my  lesults  w^  entitled. 

18.  I  soon  found  that  the  conditions  of  vibration  depended 
amply  on  the  distance  betweoi  the  places  of  the  two  metals  em- 
ployed fi»  the  bar  or  hlod^,  in  a  certain  scsle  lequiied  to  be 
detemixned.  The  lemarkable  case  of  iron  already  observed  by  Mr 
Fabadat  made  me  very  desirous  to  extend  such  a  law ;  here  we 
have  a  metal  whidi  must  be  placed  towards  the  middle  of  such 
a  scale,  since  a  metal  above  it  in  the  scale  vibrates  upon  it  when 
lu}tter  than  the  iron,  whilst  iron  itself  vibrates  upon  cold  lead, 
which,  therefore,  must  be  placed  lower  in  the  scale ;  and  as  the 
intensity  of  vibration  may  be  expected  to  be  proportional  to  the 
interval  in  the  scale,  so  we  actually  find  that  silver  vibrates  on 
lead  much  more  actively  and  steadily  than  iron  does. 

19.  I  first  prepared  bars  similar  to  those  which  have  been 
already  described,  of  copper,  zinc,  brass,  iron,  tin,  lead,  antimony, 
and  bismuth.  My  earliest  experiment.s  Ueuionstrated  the  small 
number  of  pairs  of  metals  between  whicli  vibrations  took  place. 
The  superiority  of  lead  to  all  other  metals,  as  the  cold  substance, 
was  manifest ;  andin  ordflr  to  establisb,  in  rdatifm  to  it,  the  in- 
tensity of  vibratian  of  the  diflerent  heated  metals^  it  waa  neoes^ 
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sar  v  lo  obtain  some  ready  means  of  employing  them  all  at  a  fixed 
tenipeiature.  ^\  ithout  entering  ininutelv  ialu  the  actual  dif- 
ference of  ti'iiipei  ature  l)etwcen  the  two  metals  requisite  for  pro- 
ducing the  eflcct,  it  was  sufficient  to  discover  that  the  heat  of 
boiling  water  answered  every  practical  purpc^ ;  it  was  therefore 
resorted  to.  The  temperature  of  the  lead  being  65%  we  oon- 
elttde  that  a  difTerence  of  150**  between  the  metab  is  suffident 
to  produce  the  eflfect  in  the  most  dedded  manner. 

Black  It »,  Bun  at  217. 

Zinc ;  vibrntei  briikl j  and  steadily. 

DniN^ ;  nuarly  the  tune  as  zinc,  but  not  quite  W  flMdy. 
Iron  ;  deciJetlly  less  than  brass. 
Lkad.      I  Tin ;  dues  not  vibrate  so  well  as  iron,  but  the  difference  is 
inoonadmUe 
Antimony  ;  not  at  all. 
Binnuth;  not  »t  all. 

SO.  In  pursuing  these  experiments.  I  varied  thcni  in  every 
way  1  could  devise,  but  almost  always  got  ])rcrisely  the  same  ar- 
rangement of  vibrators.  I'.inploying  a  kad  bar,  I  used  also 
blocks  of  the  different  metals  heated  to  212".  W  ith  silver,  gold, 
and  platinum,  I  found  it  difficult  to  procure  considerable  masses 
of  sufficient  purity ;  and  when  smsll  ones  taken  out  of  boiling 
water  Were  employed  and  placed  in  a  vio^  I  found  that  the  loss 
of  heat  ibey  expeiienoed  was  so  rapid  as  to  destroy  the  compa- 
rability of  the  experiment.  The  plan  I  adopted  for  procuring 
an  iqpprazimati<m  to  a  uniform  temperature,  ami  which  from  re> 
iterated  trials  I  found  susceptible  of  great  accuracy,  was  the  fol- 
lowing :  The  piece  of  metal  under  experiment  bdng  firmly  held 
in  a  vio^  a  drop  of  water  was  placed  upon  it,  and  a  spiriulamp 
applied  bdow,  so  as  to  hent  at  once  the  metal  and  the  vice^  an* 
til  the  water  was  rapidly  dissipated  in  the  act  of  ebullition,  at 
which  instant  the  cold  bar  of  lead  was  placed  upon  it,  and  the 
vibrations  encouraged  by  a  gentle  oscillation.   In  this  manner  I 
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went  over  not  only  the  metals  which  could  not  be  convenientl} 
tried  in  the  other  way,  but  also  those  of  whidbt  I  already  had 
bars. 

21.  Pursninji;  the  relations  of  the  metals  to  coi  d  t  fad,  I 
found,  in  the  first  place,  that  the  position  of  platimiin  is  not 
very  different  from  that  of  tin.  The  mass  usetl  Wi-ighed  about 
7  oz.,  ami  w  ds  kindly  lent  to  nie  by  Dr  lIorE ;  its  form  prevent- 
ed it&  being  used  iis  a  bar,  and  its  small  thickness  and  angular 
corners  did  not  fit  it  for  retaining  a  high  temperature^  or  per- 
fimning  well  the  part  of  a  Uoek.  When  hdd  in  a  vice  and 
heated  by  a  qnrit>laffip^  the  vibrations  of  a  cold  lead  bar  were 
yeiy  addwe.  From  some  cacperiments  made  ynUti  iron,  tin»  and 
platinum,  at  a  temperatuie  <^  SSOf*,  I  oonceived  that  they  stood 
as  vibrators  in  the  order  just  named :  I  had  not  then,  however* 
fidkn  upon  a  method  of  operating  upon  small  masses  with  ac- 
curacy ;  and  subsequent  experimentSr  often  repeated,  with  a  small 
thick  mass  lent  me  1^  Professor  Jameson,  and  heated  till  water 
boiled  on  the  surface  (as  above  explained)  led  me  to  the  con- 
clusion, that,  in  the  other  mode  of  experimenting,  platiiuini  had 
been  yjlaced  too  low,  as  niifrht  h:\yc  been  anticipated,  ami  that 
it  is  at  least  equal  to  iron  in  \  iliialmix  |M>wer.  It  appears  at  the 
same  time  that  there  is  little  ditlerence  between  platinum,  iron 
and  tin. 

22.  From  riuiiiLrous  experiments  with  antimony  B.n(\.  bismuth, 
these  metals  ^^  hen  licated  appear  to  have  no  vibratory  action 
with  cold  lead.  This  experiment  was  tried  at  a  great  range  of 
temperature^  and,  notwithstanding  the  low  melting  point  of 
bismuth,  I  raised  it  by  a  particular  arrangement  to  a  temperature 
of       without  obtaining  any  vibration, 

S8,  The  next  experiments  were  made  with  stfoer.  Even 
with  very  uidavouraUe  apparatus  it  appeared  remarkably  active 
as  a  vibrator.  A  small  block  of  heated  silver  placed  in  a  hot 
vic^  gave  indications  of  being  at  the  very  top  of  the  series  of 
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vibrators,  a  cold  lead  bar  being  used ;  a  result  fully  confirmed  by 
subsequent  experimenti^  in  whidi  the  temperature  of  212"  was 
carefully  ensured. 

24.  My  first  observations  ujjoii  ^'■»/(/  loci  me  to  the  conclu- 
sion, tliat  it  is  much  inferior  to  silver  ui  the  scale  of  vibrators. 
Subiiequent  ex])ermient^  led  me  to  place  it  third  in  the  scale. 
Stimdard  ^Id  u;ui  cmplnvcd. 

25.  Zinc  vibrates  with  great  facility  and  certainty  u]K)n  lead, 
when  it  luus  a  tcmjjeraturc  of  212";  when  hotter,  it  is  subject  to 
some  irregularities.  Zinc  and  droM,  to  which  it  is  doaely  ^ed, 
seem  to  stand  next  to  gold,  being  Y&ty  superior  to  platinum  and 
iron,  but  considerably  inferior  to  silver. 

26.  Irm  is  very  nearly  allied  to  platinum,  but,  fiom  very 
carefnl  eiqperinients,  ii^  we  have  seen,  to  be  ]daeed  somewhat 
lower.  7V»  stands  decidedly  below  iron,  and  stands  in  tiie  scale 
next  to  lead,  the  cold  metal  employed,  yet  still  its  vibiations  are 
treiy  sensible. 

S7'  From  accidental  circumstances,  oc^j^per  was  one  of  the  last 
metals  I  tried ;  when  I  had  not  the  means  of  experimenting  ac- 
curately upon  silver,  I  had  no  hesitation  in  placing  copper  at 
the  very  top  of  the  scal«\  steady,  forcible,  and  sustained  were 
its  vibrations.  1  finally  placed  it  below  silver,  but  the  difference 
is  not  great.  Besides  the  direct  mode  of  observing  the  inten- 
sity of  vibration  on  lead,  I  had  an  indirect  way  of  coniirming  the 
results  which  will  immediately  be  noticed.  The  arran^ment 
of  metals  in  relation  to  their  intensity  of  vibration  with  lead,  de- 
teniuiied  by  a  great  scries  of  experiments,  of  which  I  have  now 
given  the  principal  results,  becomes  the  following : 

Standard  Silver  (best.) 

Copj)er. 

Standard  Gold. 

Zinc. 

Biaw  (nearly  the  aame  as  Zinc.) 
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FlflUUUUL 

Tin. 

Antimony  ;  tlofs  nt)t  Tibmtc; 
liuuiuUi  ditU*. 

Thi8  ammgemesDjt  indicates  vezy  distmctiy  the  order  in 

which  the  metals  possess  the  j)roj)erty.  or  properties  ej>seritial  to 
vil)rati()ii  with  regard  to  lead.  But  a  very  imptirl  uit  imjuiiA  i- 
imiiU'diately  su<^^csted  :  Is  the  |)ro|>erty  of  lead  as  the  cold 
metal  ptx  uliar  to  it  ?  or  does  it  otily  ri'<juirr  n  rrrtain  space  Ix* 
twei'n  any  two  metals  in  this  s<"aU"  to  prndiK  (  tlic  effort  For 
oxamj)le,  h.ui  lieiti^  placed  in  the  arrau::*' incni  In  i\\c  ( n  im  ;iiul 
aiitinionv.  vjlatiniuii  is  the  third  metal  above  it;  the  qut  sUon  is, 
^\ Oidd  j;laiinum  used  as  tlieeold  metal  bear  the  same  rfdation  to 
^old,  the  third  metal  above  it,  as  lead  does  to  j>laliiiuiu  ?  Tliis 
is  the  principle,  though  of  course  wc  are  not  bound  to  hupjjose 
that  the  energy  is  ])roportioiial  to  the  number  of  metals  inter- 
posed in  the  list ;  since  ve  have  ahreadj  seen  that  the  vibratiiig 
property  .in  relation  to  cold  lead  is  almost  the  same  jn  several 
CQOsecutive  metals.  The  observation  stated  by  Mr  Faraday, 
forcibly  suggests  the  idea  that  a  certain  interval  in  the  scale  of 
metals  is  alone  required  to  produce  the  effect ;  the  lowest  metal 
being  necessarily  the  coolest. 

5?9.  The  following  are  some  cases  of  decided  vibrations  ob- 
tained among  numerous  experiments.  Upon  cold  tin.  heated 
.silrc/-,  ritpin'r,  i^o^'h  and  h-tiu^  vibrate  in  the  order  just  stated, 
silver  l)eing  the  most  intense.  Upon  eoi  d  infix,  s-ilver  vibrates 
<leeisively  ;  my  experiments,  therefore,  eoniirm  tiie  statements 
of  Mr  Fakadav.  With  hot  mjyjM'r  T  h?ive  likewiep  obtain e(i  dis- 
tinct vilirations.  though  it  is  nol  posMhl^  al  all  Uiiies  to  repeat 
the  expcniueai  in  a  satisfactory  niuiuicr.  Witli  hoi  i^old  the  vi- 
brations were  dubious.  Upon  cold  ii^c,  no  hot  metal  except 
sUver  has  been  observed  to  vibrate.   Iii  ^lis  ease^  however,  the 
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effect  is  decided.  I  have  in  no  case  observed  that  copper,  silver, 
or  gold,  have  any  action  when  cold  upon  oUier  znetala  heated. 

SO.  It  IB  well  worthy  of  notice,  that,  from  multiplied  experi- 
ments with  AXTiKOKY  and  BxamiTK,  and  at  a  great  range  of  tem- 
perature I  hare  been  led  to  the  oondunoo,  that  among  all  the 
metab  under  trial  none  have  any  Tihratang  eneigy  with  anti^ 
mony  and  hismuth,  whether  hotter  or  colder  than  these  metals, 
whether  used  as  bars  or  blocks.  There  is  only  a  single  expeti- 
ment  in  my  note-boolL  which  oSem  any  ezceptitMi.  On  one  oc- 
casion Tery  hot  bnuB  was  observed  to  vibrate  on  cold  awti- 
MONY ;  on  another  occasion)  however,  no  such  cSeet  was  pro- 
duced. This  solitary  experiment  appears  to  be  one  of  thos^ 
anomalies  which  have  frequently  exercised  my  patience,  and  re^ 
taided  my  progress  in  this  delicate  inquiry. 

31.  These  experiments,  it  will  be  observed,  aid  us  in  giving 
a  detinilive  arrangement  to  the  metals  in  the  Table  before  given, 
and  which,  in  lact,  have  been  resorteil  to  in  order  to  determine 
with  accuracy  the  position  of  metals,  oi'  which  the  vibrating 
power  with  regard  to  lead  might  be  somewhat  doubtful.  This 
was  particubrly  the  case  with  some  of  the  metals  highest  on  the 
scale ;  An  example  will  illustrate  the  mode  d  oparali<m. 

dS.  80th  July  188 1. -^Experiments  made  with  masses  of  siL 
ver,  copper,  and  gold,  placed  in  a  vice,  and  heated  with  a  spnit- 
bmp  until  a  globule  of  water  evaporated  in  violent  ebullition 
fiom  its  sw&ce.  The  cold  metals  w^  employed  as  bars. 

Hot  Silveb. 

Cokl  Lead.    Vibrates  perfectly  w*  11. 

 Tin.    Apparently  .i-^  wtll  as  Lead. 

 Zinc.    Vibrates  very  well. 

 lion.  Vibntes distinedj;  but  ipparendy  lem  tbm)  2!mQ, 

,  Btml    Not  decisively. 

 Copper.  Not  at  all. 
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Hot  Coffek. 

Cold  Lead.    Vihrntes  very  welL 
 TtD.    I'he  same. 

......  Zinc   Not  at  all :  even  where  Ae  tempeiature  of  the  Cop|Mr  U 

niaed  miieh  above  US*. 

 IlOO.    Vibrates  vi  ry  iinperft'Ctlv.  It  appears,  howtnvr,  more  at  tive 

than  Zinc.  I  have  funnerly  observed  a  deciuve  vibration  of 
Hot  Copper  upon  Cold  Iron  (lltli  July). 

 Bran.  No  Vibration. 

Hot  Gold. 

Cold  Lead.    Vibrateb  quite  readily.   Nearly  as  with  Copper. 

 Tin.    Nearly  as  with  Copper. 

 Zinc.  Ditto. 

 Iron.  No  diRthwt  vibratjan,  but  with  oonsideraUeheatof  the  lamp 

approadicitoit;  it  ie  rather  nKwediapoied  Id  ▼ibralethaa  Zinc 

By  experiments  analogous  to  tliese,  we  may  see  how  the  posi- 
tion of  any  metal  is  fished  by  a  varie^  erf  testSi  which  aflfoid 
mutual  confinnation. 

8S.  In  the  course  of  forming  the  cla-ssification  of  metals,  I 
was  natmally  led  to  compare  it  Mr         \i>ay'8  h}'poihesis, 

tluit  the  vibration  between  two  metals  dejieuded  on  the  dilie- 
rence  of  their  conducting  powers  for  heat  directly,  and  of  their 
ex])ansiou  inversely-  Finding  considerable  deviations  from  this 
law,  I  was  led  to  look  for  sonic  simpler  analogy. 

S4.  The  first  arrangement  which  presrated  a  striking  sami* 
iarity  was  that  of  die  conducting  powos  of  the  metak  fi»  cAeo* 
tricitjr.  Hie  further  examinatkm  to  which  this  remark  kd  me, 
pointed  out  another,  and  perhaps  not  less  important,  analog}', 
whidi  appeared  not  to  have  hem  before  observed,  namely,  that 
whfm  tlK  best  data  are  collected,  the  order  of  conducting  powers 
of  the  metals  for  heat  and  for  deetruitjf  is  the  same.  I  did  not 
adopt  thn  conclusion  till  after  a  mature  examination  of  existing 
statements^  and  an  extensive  snies  of  experiments  upon  Uie  con. 
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ductinf?  powers  of  the  metals  for  hmt,  made  with  Fourier's 
Thermometer  of  Contact,  which  enabled  me,  wliere  discrepan- 
cies occurred  between  previous  observers,  to  ascertain  the  truth, 
and  to  add  some  new  uictais  to  the  hst.  In  the  ca.se  of  electri- 
city, 1  was  a  good  deal  surprised  to  find  obiiervers  more  at  one, 
than  in  that  of  heat.  The  result  of  these  inquiries,  which  for  a 
time  vHlidrev  mj  att^tion  from  the  immediale  subject  under 
ecMMideKation,  is  contained  in  a  paper  read  to  the  Rojal  Sodety 
of  Edinburgh  on  ihe  7th  Januaiy  18S8*. 

85.  The  general  condusion  at  which  I  then  anived  is  thus 
stated  in  the  paper  aUuded  to :  TluU  ihe  arrafigement  tfmetaUk 
conductorg  heat  doee  not  <f|j^  more  from  that  liknee  elee- 
triaty  than  Mer  arrangement  does  aUme  under  the  hands  ^  de- 
ferent dmrvera,  I  shall  here  quote  the  provitumal  arrangements; 
which  I  have  given  in  that  papor*  and  compare  them  with  the 
order  of  vibrations  which  we  have  recorded  above. 


Ceod  actor*  of 

('iiniluctore  nt' 

Best. 

Ulectrii'Uy  ^. 

Vibrators. 

Silver, 

SilvCT, 

Copper, 

Copper, 

Copper, 

Gold, 

Gold, 

Brass, 

Zim-. 

Zinc, 

Iron, 

BfHss, 

Zinc, 

Iran, 

Platioum, 

Flatinuni, 

Platinum, 

Iran, 

Tin, 

Tin, 

Tin. 

I-ead, 

Lead, 

Lead, 

Antimony, 

Antiniuii^-, 

Antiinuti^-, 

BioDuth, 

Bimnuth, 

Biemtith. 

*  The  analogy  to  whidi  I  allude  waa  obaerved  by  ine  in  mutumn  18S1 ;  and 
the  experiments  described  In  the  paper  just  quoted  were  made  between  that  period 
and  February  1888. 

f  On  the  subject  c»f  the  conducting  jjowers  (or  electricity,  a  beautiful  illu^tntion 
of  ihf  application  of  new  discoveries  in  science  to  brandies  already  known,  ha-s  oc- 
curreil  to  inc  since  forming  thc^ie  lists.   Mr  Fakauay  has  sihewn,  that,  according  to 
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The  analogy  is  exoeedin^y  stiikio^  more  especially  when  it  is 
stated  that  each  arrangement  has  been  compiled  alone  solely 

upon  the  evidence  of  experiment,  and  the  *»round  upon  wliich 
i'iwh  metal  has  its  place  assignefl  f  o  it,  is  fully  suited  in  tlie  pnjx'r 
alluded  to  for  the  two  first  columns,  and  in  the  present  j!a|H  i 
tor  the  third.  It  is  also  worthy  of  remark,  tliat  the  same  metals 
seem  to  Ix'  most  allied  to  one  another  in  each  of  the  tliree  series. 
The  various  observers  agree  in  treating  of  their  rt^jjective  sub- 
jects, tlmt  gold,  silver,  and  copper  are  nearly  allied  in  all :  and 
it  is  probable  that  platinum  and  iron  are  in  equally  close  con- 
nection* The  obsmfttMMUifttan  tliree  points  aie  at  one  in  pM^ 
ving  that  there  is  a  decided  breadi  of  oaitinui^  between  lead 
and  antimony,  so  marked  is  the  change  of  property  of  the  tivo 
lowest  metaht  in  the  list. 

36.  We  may  now  vraituie  to  enunciate  a  third  and  most  im- 
portant law  of  these  phmomena;  Tliat  ffte  vSkvUoM  uUte  pkicB 


hi*  beautiful  Theory  of  Magnetiam  by  rototioRi  the  Trmaient  M^^gnetic  Envrg)' 
(ax  it  WM  fommrly  temied)  of  dilRsrent  Metals,  dmukl  bear  a  idatiaa  to  their  can> 

ilucling  power  of  nietals  for  uU  t  tritity  Tliis  is  iiuist  rt  tiifirk.i1)ly  ronfirmed  by  the 
following  Table,  given  by  Mr  Hakkis  in  the  Philosophical  Transactions  for  1831, 
which  most  strikingly  confirms  the  arrangement  conductors  which  I  have  given 
in  the  text 

Tranaent  Mapietic  Energy  of  the  Metals. 


Kolleti  Silvtr,   39 

........  Copper,    .....  S9 

Cast   20 

Rolled  Gold   16 

Cast  Zinc,  ......  10 

  Tin,   6L9 

 Lead,  ......  ft,7 

 Antimony,  .....  1.3 

 Bismuth,  •  0.45 


*  It  is  most  probably  from  the  gmal  tpecyk  heat  of  iron  that  it  atands  so  high 

in  the  first  column. 
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with  an  intensify  proportional  ( within  eprtain  limits)  to  the  diflr- 
rence  qf'contlmtinfr  pmcej^  of  the  fu-n  metals  employed  for  iieat  for 
electricitii) : — the  metal  having  the  Irnst  conducting  poufer  heinir 
necesmrily  the  coldest.  I  have  staled  that  tlie  diflference  ot  mm- 
ductiiig  power  iiiusi  be  within  certain  limits,  because  the  anomaly 
of  antimony  and  bismuth  seems  to  be  caused  by  this  exception  ; 
and  it  ifl  on  die  same  acoount  pcobably  that  the  ebn  of  bodies 
whidi  possees  the  ▼ifarating  property  is  confined  to  the  metals ; 
other  matter  being  destitute  of  the  requisite  oonducting  power. 
H«re  antimony  and  bismuth  almost  want  this  cbaxadetistic  pro- 
perty of  the  other  metals  examined.  My  eiqieriments  with  the 
thermometer  <^  contact  prove  their  very  low  rank  as  ccmductors 
of  hea^  as  Mr  Harris  of  Plymouth,  in  rep<nting  to  me  some 
exp^ments  which  he  had  kindly  undertaken  at  my  request,  with 
r^^ard  to  their  |>ower  as  electrical  conductors,  states  in  regard 
to  bismuth,  that  nothing  in  '*  the  form  of  a  metal  can  be  much 
worse.** 

a,  Infiuence  (^'Figure  upon  the  yibratians. 

37-  I  have  already  noticed  tlie  form  of  the  apparatus  which 
1  have  generally  employed.  The  lame  of  the  oscfllations  and 
their  magnitude  depend  iqxm  the  figure  of  Ibe  vibrating  mass, 
which  seems  to  act  just  as  in  die  case  <^a  pendulum  or  rather  of 
a  rocking-stone^  the  impulse  which  it  leoeives  at  eadi  vibration 
appearing  to  be  given  at  whatever  instant  <^tnnie  the  contact  of  the 
vibrating  edges  with  the  block  is  effected.  Thifl^  however,  must 
be  understood  nithin  certain  limits.  There  must  be  a  decisive 
interval  of  time  Ixitween  the  two  contacts,  for  if  the  surface,  in- 
stead of  having  two  solid  angles,  iia  in  the  bar  described  abi>ve^ 
merges  into  a  continned  ^^r^'e,  the  vibrations  will  not  take  place. 
If,  by  any  means,  however,  the  jx-riotl  of  contact  of  two  jwrtions 
of  the  curved  surface  with  the  block  be  prolonged,  the  impulse 
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will  be  obtained ;  as  in  the  case  of  a  silver  spoon,  used  as  a  bar, 
where  the  l)owl  of  the  spoon  rests  upon  the  block.  No  vibra- 
tions will  take  ]>lace  if  the  handle,  whicli  is  the  other  point  of 
support,  terminate  with  a  round  end ;  should  it,  however,  termi- 
nate with  an  ornanieTital  deviee,  wincli  affords  two  ]Kmiis  upon 
which  it  can  rock,  the  necessary  impulse  mil  be  ganunl ;  we  pre- 
sunje,  therefore,  tliat  tJie  time  of  contact  of  two  points  of  the  iiietuis 
must  be  lotiger  than  that  oj  the  intennediate  portions.  This  condi- 
tion is  readily  fulfilled  by  a  vast  variety  of  forms  of  apparatus, 
and  the  nideBt  mtiBBeB  of  inetali  such  as  a  poker,  when  duly  heat* 
ed  and  placed  upon  lead,  wiU  praduee  active  vibrotiona.  The 
variations  of  tone  produced  upon  the  appantus  by  mediaiiical 
interfeienoe  is  earily  explained;  if  a  aleiider  rod,  with  metallic 
halls  at  its  extremities,  be  placed  across  a  vibrating  bar  at  rig^t 
angles  to  its  axis,  the  time  and  the  axes  of  osdUation  will  be  ex- 
tended, the  matter  being  thrown  more  to  the  sides ;  hence  the 
note  win  become  much  lower,  and  vibrations  previously  quite  in- 
sensible will  become  visible.  Again,  if  while  a  bar  is  in  a  state  of 
active  vibration,  it  be  fjently  pressed  from  above,  the  extent  of 
its  vi!iratioTis  will  lx>  diminished,  and  the  time  will  be  reduced; 
heuee  the  noti'  will  rise. 

As  it  a])}>cared  essential  to  tlie  experiment  thnt  the  vibra- 
tion should  take  plaee  between  two  points  wliich  wen  loTirjer  in 
contact  with  the  Ijloek  than  the  other  portions,  it  seennd  ]  ni]>ort- 
ant  to  detern  iiK  whether  the  connection  of  these  points  was 
essential.  \\  iih  a  view  to  determine  this,  I  constructed  a  bar  of 
lead  of  the  same  figure  as  those  which  I  usually  employed,  such 
as  AB,  Fig.  5.  I  let  into  it  a  stud  of  copj)er  a,  of  which  the  sur- 
face corresponded  with  that  of  the  rest  of  the  bar,  and  similarly 
two  small  ones  b  e,  f<»aning  the  two  solid  angles  upon  which  the 
bar  was  to  vibrate  but  totally  distinct  firom  one  another.  Whe- 
ther upon  the  complete  bridge  or  upon  the  divided  bridge  b  «*, 
the  bar,  when  heated,  and  pbused  upon  a  block  of  cold  lead,  vi* 
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brated  prcvisely  as  if  the  mt'ire  bar  had  been  math  nf  copper.  In 
an  ejirly  ])art  of  thiis  pajx-r  I  dm  rilx-d  an  ex]x?riment,  in  which 
the  |>oints  of"  the  block  upon  tlic  bar  impijiged,  were  completely 
distinct  pieces  of  metal;  See  Fijj;.  3.  We  thcretbre  conclude 
that  the  impulm  is  received  by  a  dlstinet  and  separate  process  at 
each  contact  of  the  bar  with  the  blocks  and  that  in  neither  case  is 
the  coMuxtiou  of'  these  points  in  any  way  essetUiaL 

39.  The  use  of  bars  made  entifely  of  the  diffevemt  metals  k 
thesefoie  quite  unneoesBaiy.  A  convement  form  of  experiment 
tal  appttiattts  is  suggested,  by  the  following  oonstniedon,  wUdi  I 
have  employed  with  suocess.  A  heated  xing  of  biass  or  copper, 
three  or  four  inches  in  diameter,  being  placed  ddewaysiqKmaridge 
of  solid  lead,  with  two  solid  angles,  upon  wMch  the  ring  may  vi- 
brate (the  plane  of  the  ring  being  horiaontal),  the  action  will  be 
extremely  ene^^tic^  the  impulse  being  given  simultaneously  at 
two  |K)int8,  as  shewn  in  Fig.  6.  If  we  had  the  means  of  finnly 
damping  two  slips  of  any  metal  under  experiment  to  the  two 
points  of  the  ring  in  contact  ^^ith  the  blcick,  by  means  of  tighten- 
ing screws,  so  as  to  substitute  the  material  required  for  that  of 
which  the  ring  is  made,  we  ii^huuld  have  a  eonvenieTif  .^(jiaratus, 
requiring  very  sninl!  pieces  of  the  niefals  to  be  tried,  and  there- 
fore well  ada])ti  (l  tor  c'XJXimuL-]]T^  on  i;;o!d,  silver,  &c. 

40.  The  intluenee  of  the  tliicknes.s  of  the  metals  enijjloyed, 
and  of  the  extent  through  whieli  the  impulse  may  be  given, 
early  attracted  my  notice;  and  1  iouiui  lliat  tlun  films  of  met^ils 
of  superior  conducting  power,  in  the  form  of  \ea£,  burnished  upon 
the  lead  block,  did  not  annihilate  its  diaracteristic  property. 
The  same  result  in  regard  to  simple  gilding  was  announced  by 

Mr  TRBTEIfYAjr. 

41.  We  have  now  to  resume  the  comddexation  of  an  import- 
ant point  ooonected  with  figure^  referred  to  in  an  early  part  of 
this  paper ;  I  mean  the  groooe  in  the  bar  or  block,  whicfa  fte^ 
quently  appears  essential  to  the  production  of  a  musical  note. 
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We  have  already  dismiased  the  supposition  that  it  has  any  con- 
nection with  the  passage  of*  air  through  that  frroovc,  and  reforml 
the  effect  solely  to  the  actually  obsencd  irK-rcasc  of  velocity  in 
the  oscillations  :  it  still  remains  to  ex]>l.nii  this  result.  .After  a 
very  cirrftil  consideration  of  the  ])li<'ii(Jiiiena,  i  am  dis|K).sed  to 
account  for  it  entirely  upon  the  dnnnnition  of  the  surfaces  ill 
contact.  It  may  at  first  sight  be  thought  tliat  the  adhesion  of 
two  metallic  surfaces  must  l>e  too  small  to  influence  sensibly  the 
time  of  an  oscillation  ;  when  the  eiioruious  velocity  of  these 
oscillations  is  however  considered,  there  €8d  be  do  room  for 
astoiiishnient.  We  have  dhewn  that  there  are  fireqneDtly  more 
than  five  hundred  oontaets  and  separations  in  a  angle  seoood. 
The  most  minute  adhedon  must  therefore  clog  the  energy  c£  the 
impulse  in  a  way  nearly  insendble  to  our  ordinary  modes  of  im« 
pressioii:  yet  cases  are  not  awanting  where  such  adhesion  is 
abundantly  sennble^  and  especiaUy  when  a  metal  so  soft  as  lead 
is  one  of  lliose  empSnyed.  It  is  not  difficult  to  perceive  how  the 
position  of  the  groove  or  separation  of  pieces  (for  we  have  seen 
that  the  effect  is  absolutely  independent  of  the  form  of  the 
groove*  provided  the  contact  of  the  bar  and  block  for  a  oertun 
s])ace  be  avoided)  is  the  most  favouiabie  for  producing  the  vi- 
brations. The  separation  of  surfaces  may  either  be  in  the  block 
as  Fig.  7t  w  in  the  bar,  as  indicated  by  the  dotted  lines  at  a  in 
the  same  figure:  the  surface  of  contact  will  thus  he  reduced,  as 
there  shex'iTi.  to  about  one  half.  If.  instead  of  tliis.  the  space  l)e- 
tweeii  tlie  sohd  iiDL'lf's  h  and  c  Iv.ui  l)cen  reduced  to  one-half,  the 
stabihty  of  the  har  would  have  been  materially  chanf^ed.  and  the 
requisite  distance  between  the  jioinU-  dappui  for  producinj;  an 
active  vibration  wovdd  hu\  e  been  deranged.  By  cutting  out  the 
interior  space  of  contact,  the  other  conditions  remain  unim]>aired. 
and  the  adliesiou  is  diminished  to  almost  any  required  extent; 
in  fact,  the  note  has  been  most  clear  and  steady,  when  the  two 
points  of  contact  of  the  block  had  abnost  the  whole  intemiediaic 
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s|>ac(;  removed.  The  sudden  changes  o\  note  Ix'tbre  alluded  to 
have  Ihx  11  very  satisfactorily  aceounted  for  hv  Mr  Robison,  a» 
arising  from  a  i^udden  movement  of  the  har,  which,  hy  changing 
its  points  of  bearing,  of  course  alters  the  velocity  of  vibration. 
The  rise  of  tone  is  usual  to«aids  tlie  end  of  the  eicperi- 
ment,  depends  <m  the  diminished  impulse  leoeiTed  at  each  stroke 
and  consequent  diminutaon  of  the  aic  of  Tibntum. 

4A.  Indeed  the  suooess  of  the  whote  eiperiment  depends  . 
mainly  upoai  the  caxeM  exdusian  of  adhesion  betweoi  the  two 
bodies.  When  merdy  tried  under  the  most  &vourable  drcum- 
stances^  as  when  copper  vibrates  on  lead,  the  experiment  can 
hardly  fiil  to  succeed.  With  metals  less  distant  from  one  an> 
other  on  the  scale,  move  deiUcacy  is  requisite,  and  it  is  then  abso- 
lutely necessary  to  avoid  any  extent  of  contact  in  regard  to  the 
length  as  well  as  breadth  of  tlie  bar.  The  form  employed  origi- 
nally by  Mr  Tuevelyan  was  well  adapted  for  this  effect,  thovigh 
the  cause  seemwl  not  to  be  attendetl  to:  the  bur  AB  (Fig.  8.) 
rested  upon  an  obtuse  angle  of  the  lead-block  C  :  had  the  bar 
been  so  inclineil  as  to  have  toueheil  the  whole  plane  e,  in  many 
cases  no  vibiution  would  have  tjiken  place,  and  1  Imvc  always 
been  at  pains  to  place  the  bar  so  tliat  the  angle  gef  shouki  be 
nearly  equal  tohed.  If,  as  has  been  sometimes  the  case,  I  used 
a  block  of  hard  metal,  with  an  an^  much  more  acuto  than  that 
shewn  at  s^  and  placed  a  bar  of  lead  upon  it,  the  eflbct  was  leas 
fiivouiable  than  when  the  angle  was  moie  obtuse^  and  the  con- 
tact might  seem  to  be  greater.  The  truth,  however,  was*  that 
in  this  case  the  lead,  htm  its  softness,  was  eitf  by  the  harder 
metal,  and  a  new  adhesion  produced,  as  in  the  action  of  a  wedge. 

48.  These  and  many  other  experimaits  have  proved  to  me^ 
that,  to  fiualitate  the  vibrations  as  much  as  posnble^  we  must  have 
a  minimum  ^  adhesion ;  thus  their  frequency  will  be  increased 
and  the  note  raised.  Mr  Trevelyan  states,  that  if  the  surAices 
in  contact  of  the  two  metals  be  highly  polished,  no  vibiation  wiU 
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ensue :  this  manifestly  depends  upon  the  same  principle,  the  ad- 
hesion between  two  perfect  planes  Ix-ing  well  kno\\n  to  be  great 
in  amount.  T  have  not  met  with  so  stroiig  a  case  in  the  course 
gC  my  exj)criuii  )its. 

44.  We  may  conclude  this  head  by  noticing,  that  the  inter- 
ference of  any  foreign  matter  between  the  metals  (with  the  ex- 
ception of  the  metallic  pelhcles  already  mentioned)  seems  fatal 
to  the  CTperiment.  Dust,  amalgam,  a  coating  of  oxide,  or  even 
oil-gilding,  stops  the  yibiati<ni.  The  acdon  of  mercury  is  piD< 
bably  by  incraasing  ihe  adhesion. 

8.  Influence  ^  Temperature. 

45.  We  h«Fe  sem  that  the  metal  of  greatest  oondiictiiig 
power  must  have  the  hi^iest  temperature  in  the  combination  <^ 
two  required  to  produce  a  vibiatorj  motion.  Not  merely  is  there 
no  action  between  two  metals,  when  the  temperature  of  both  ia 
the  same  with  air  of  an  apartment,  but  likewise  when  both  are 
raised  to  any  higher  temperatun^  for  example  that  of  boiling 
water. 

46.  I  have  not  ascertained  what  is  the  graallest  difference  of 
temperature  requisite  to  jjroduee  the  effect.  It  varies,  of  course, 
with  every  diflerent  pair  of  metals.  With  lead  and  copper,  for 
example,  the  vibrations  will  continue  much  longer  than  with  lead 
and  tin,  although  m  the  former  case  the  temperatiires  tend  more 
rapidly  to  an  equiHlnium. 

47*  A  difierence  of  tempeifttareof  150^aeeni8to  be  sufficient 
for  all  practical  purposes,  licmg  ansoua  to  unrest|gate  the  pro- 
perties of  some  metab  at  a  ikfinite  hi^er  temperatuze^  I  hetitad 
several  bars  m  a  east4ion  vessel  foil  of  sand,  along  with  « ther- 
mometer, haWng  a  very  long  seale ;  this  vessel  was  placed  in  an- 
other containing  oil,  and  when  the  temperature  had  risen  to  350" 
the  bars  were  placed  upon  cold  lead.   On  one  occasion  I  em* 
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ployed  copper,  brass,  iron,  and  ;intiinony;  on  another  iron,  tin, 
platinum,  and  bismuth.  I  did  not  iiiul.  lumever,  that  the  addi- 
tional teinjjeraturc  tlius  gained  facihUiLed  my  inquiries,  and  it 
was,  in  the  first  place,  attended  with  considerable^  practijcal  dif- 
fieoUiei.  Hie  eiKfieriiBfintB,  lumever,  confinnsd  a  Act  nUdi  I 
bad  piemnly  nvpecfced,  and  which  tens  an  exception  to  what 
may  be  oomideied  the  general  hw,  aamdy,  Ae  i»ienritiif  ^ 
miration  U  ]proportiiMid  to  ike  djgkrenee  if  Umpen^Kirt  ^  l4e 
mttaks  IlbondthatatdSO^iionwaafiarnioiiedugpahinitan- 
bialioiu  than  at  SIS'.  I  cannot  say  lliat  I  j^nacked  tins  in  the 
case  of  copper,  brass,  or  platimun.  The  fact,  however,  hardly  ad- 
mits of  doubt*  At  an  early  period  I  had  been  much  perjilexed 
with  some  anomalies  in  the  vibration  of  iron.  When  first  taken 
out  of  a  hot  open  fire,  and  just  cool  enough  not  to  melt  lead,  its 
action  with  that  metal  appeared  very  unsatisfactory.  Tliis  effect 
was  so  sensible,  that  1  have  frctqueiitly  repeated  with  suou^  a 
singularly  paradoxical  experiment.  A  bar  of  iron  heated,  sui;)- 
poso  to  J?  15?*,  being  placed  on  a  lead  blo<  k,  and  the  \  ibrat  lo/i.'^ 
cornmciHt  d,  if  a  spirit-lamp  wa.s  applieii  to  tile  lower  portion  of 
the  bar,  the  vibrations  are  completely  stopped^  and  may  actually 
be  lertored  by  inuaersing  the  lead,  to  wbii^  the  lamp  ha^l  been 
applkd,  in  wator :  these  angular  effiscts | have  beenabileto 
{voduoe  aeveial  times  m  suooesalon  dnrioig  one  e^qierimient. 

48.  The  same  effects,  thouc^  len  stzikiii^  baye  biiiea  pro- 
dnoed  with  sine  instead  of  iron,  which  vibmtes.witb  offDsider- 
aUe  difficulty  when  the  tanpa»ture  js  nused  above  "212.  I 
have  been  disposed  to  consider  that  every  metal  has  its  own 
must  JbTourable  temperature^  though  on  what  princqple  it  is  not 
ao  easy  to  explain. 

49.  It  k  probable  that  the  softening  of  the  heated  metal  di- 
minishes the  resiliency  of  the  two  bodies  when  impact  takes 
place.  I  do  not  think  that  it  is  attributable  to  the  softening  of 
.the  lead,  ior  I  ha^e  &und  thux  iron  is^iore  .<Uiy^ofed  to  vibrate 
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on  platinum  wheu  at  a  moderate  ti^mperature,  than  when  red 
hot  The  e^leet  may,  however,  be  ocmnected  widi  the  thewy  of 
the  Tilw&tioii. 

50.  Httving  now  discuaaed  die  phenomenft  .of.  aoynd,  and  of 
the  TihcationB  to  ivluch  we  have  shewn  theae  aoiiiids  to  be  le- 
feiribl^  we  shall  next  wiinsider 

m.  TUB  THBOBT  OF  THE  PHBtrOlOBNA. 

51.  It  is  a  curious  fitct  how  imperfectly  the  interest  attached 
to  the  phenomena  observed  by  Mr  Trevelyak,  seems  to  have 
excited  enlightened  curiosity.  Indeed,  an  explanation  of  great 
simplicity,  and  wliicli  appeared  to  account  for  the  more  con- 
spicuous phenomena,  was  pretty  generally  acquitsced  in,  and  seems 
to  have  acted  as  a  barrier  to  farther  examination.  It  was,  1  believe, 
first  thrown  out  by  Sir  John  Leslie,  on  considering  the  sim])le 
facts  wliich  were  brought  to  light  by  Mr  Trevelyan's  exjieri- 
ments  tliat  they  might  be  explained  by  the  expansion  of  the 
cold  metal  at  the  instant  of  contact  with  the  warm  one,  which 
might  be  supposed  to  give  a  sufficient  impulse  for  sustaining  a 
new  ▼ibnition.  Even  at  fiist  sif^t  it  does  appear  very  difficuH 
to  oonceiTe  how,  when  ^  Tibiations  are  increased  to  500  or 
more  in  a  seoond,  a  process  d^endmg  upon  so  slow  an  opeia> 
tion  as  tjbe  conduction  of  heat,  should  cause  the  metal  to  eiqpand 
and  contract  suoeean-feLy  by  a  finite  quantity.  The  eflhct  has 
every  appearance  of  being  one  of  active  and  almost  instantane- 
ous xepulsion,  and  bears  no  resemblance  whatever  to  the  slow 
mechanical  elevation  of  the  suifiice  by  the  process  of  expansion. 
But  sudh  inferences  are  often  erroneous ;  it  became  therefore, 
most  important  to  inquire  how  £ur  the  hypothesis  was  applicable 
to  various  foms  of  the  experiment,  particidarly  to  the  different 
IHKiperties  in  this  respect,  of  various  substances. 


4S4      FwL  FoBsm  on  the  Fibratkms  ioMeh  take  place 

52.  This  more  difficult  task  was  undertaken  by  Mr  Fara- 
day ;  and  in  a  lecture  on  tbe  subject  which  I  was  fiurtanate 
enoii^  to  bear  at  the  Royal  Institution  in  April  1881,  he  fteed 
the  subject  (as  we  have  already  seen)  fimm  many  of  the  difficul- 
ties with  whidi  it  had  been  surrounded,  and  iliustrated  the 
theoory  wbidi  he  supported,  in  that  happy  style  for  which  he  is 
so  remarkable. 

5S.  The  principle  which  he  adopted  was  fundamentally  the 
same  ns  that  of  Sir  John  Leslie,  but  he  added  an  explanation 
of  the  influence  of  the  properties  of  different  metals  upon  the 
phenomena.  According  to  his  view,  the  hot  metal  should  have 
a  higher  ronductinf;  power,  and  a  smaller  expansion  by  heat, 
tluui  tb<'  rohl  one,  and  the  arrangements  of  the  metals  as  vibra- 
tors depend,  aceording  to  him,  upon  this  principle.  To  employ 
the  official  statement  of  his  views  containetl  in  tlie  Royal  Insti- 
tution Journal  %  the  superiority  of  lead,  as  the  cold  metal  was 
referred  to  its  great  expansive  force  by  heat,  combined  with  its 
deficient  oonducting  power,  whidi  is  not  a  fifth  of  that  of  cop- 
per, dlYer,  or  gold ;  so  that  the  heat  accumulates  much 
at  the  point  of  contact  in  it,  than  it  could  do  in  the  latter 
metal8»  and  produces  an  expansion  in  that  respect  proportional- 
ly greater.*' 

54.  I  certainly  approadi  with  deference  any  opinion  express- 
ed by  a  philosopber  of  the  reputation  and  acuteness  of  Mr 
Faraday,  and  nothing  but  a  strong  conviction,  ^tertained 
chiefly  upon  the  g&wral  grounds  already  alluded  to,  could  have 
induced  me  to  spend  my  time  in  an  investigation,  which  he  con^ 
ndered  decided  upon  some  of  the  simplest  principles  pf  j^ysics. 
My  dissatisfaction  with  the  explanation  increased  the  mofe  I 
thought  of  it,  and  the  more  closely  I  analysed  the  natural  pro- 
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oess  which  he  had  traced  out.  I  consider  it  essential  to  point 
out  on  what  grounds  I  disBeoted  from  a  theory  supported  by 
two  of  the  fint  names  in  British  sdenee^  before  I  proceed  to  give 
any  opinitm  of  my  own,  which  may  perhaps  be  liable  to  equall} 
stioi^  ol^jectiaos,  but  the  data  of  wUdi  are  not  the  less  vBluable 
as  i^ysical  Acts. 

55.  Waving  all  minor  objectionSi  I  conceive  that  the  process 
of  the  communication  of  heat,  and  consequently  its  efiects,  would 
be  very  different  irom  what  has  been  stated  in  the  {lassage  just 
quoted.  Let  Fig.  9.  represent  on  an  exa^erated  scale  the  pre- 
sumed state  of  the  apparatus  in  the  middle  of  an  oscillation  ;  the 
hot  bar  A,  whilst  perforiiiing  its  vibration  upon  one  of  the  solid 
angles  «,  has  expandtHl  a  portion  nf  the  rn\d  block  1>C  into  a  hil- 
lock at  d;  when  the  srmi  vibi  adon  is  coniplotod,  the  aujilc  b  of 
the  bar  will  touch  the  hlock,  and  r;iise  a  new  liillock  at  the  cor- 
responding point  c,  whilst  the  elevation  at  d  subsides  ;  and  so 
on  alternately.  Let  u^i  conceive  that  dc  in  the  liuite  depth  to 
which  heat  is  communicated  in  tlic  minute  portion  of  time  oc- 
cupied by  a  sani-vibvation,  a  d^fh  so  smaU  as  to  be  inappre- 
dafale  fay  the  senses^  and  insignificant  compared  to  the  distances 
between  the  points  of  impact  de.  The  elevation  or  height  of  the 
hiliock  dSd  is  the  amount  of  expansion -of  the  element  de,  by  the 
aooession  of  temperature  received  during  a  semi-vibration ;  tibe 
question  ii^  iriiat  relati<m  will  this  eaqpansion,  or  acquired  van- 
tag&gronnd  for  the  c*ommencement  of  a  new  vifatrationi  bear  to 
the  nature  of  the  block  BC,  considering  the  nature  and  tempera- 
ture of  the  bar  A,  and  the  initial  temperature  of  the  block,  to 
be  constant  ?  It  surely  requires  no  elaborate  demonstration  to 
prove  that  the  amount  of  caloric  which  passes  into  the  block 
must  increase  with  the  conducting  po^ver  of  the  material  Up- 
on the  very  fundamental  axioms  of  the  theory  of  hvnt.  the 
amount  of  t^loric  which  passes  from  a  molecule  A  into  ;  i  mole- 
cule B  in  an  infinitely  short  interval  of  time»  is  proportional  to 
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the  difference  of  the  temjieratures  of  the  molecules  •  combined 
with  the  conducting  power  of  B  (that  of  A  being  considered  con- 
stant), and  with  the  element  of  the  time.  Or,  putting  the  tem- 
jKTdture  of  A  —  (jt,  that  of  B  —  P,  and  its  conducting  power  K, 
and  the  element  of  time  —  dt,  the  proportion  of  caloric  trans- 
mitted will  be 

(a  —  p).K.dt. 

56.  It  aj)pcars  to  me  indubitable,  that  whether  the  time  be 
short  or  long,  the  quantity  of  caloric  transmitted,  and  the  conse- 
quent amount  of  expimsion,  must  increase  with  K.  The  idea  of 
an  accumidation  of  heat  at  the  surface  producing  more  effect 
than  a  rapid  communication  with  the  interior,  is  obviously  an 
oversight.  For  if  the  heat  be  accumulated  at  the  surface,  the  tem- 
peratiu"e  of  that  surface  rapidly  approacliing  to  that  of  the  source 
of  heat  A,' will,  in  the  same  ratio,  diminish  the  amount  of  heat  re- 
ceived ;  and  it  can  require  no  demonstration  to  prove,  that  the  ex- 
pansion depends  solely  upon  the  amount  of  temjxjrature  acquired 
above  its  initial  temperature  by  the  prism  of  metal,  which  by  its  ex- 
pansion is  to  raise  the  bar  from  </  to  a,  (Fig.  9.)  modified  of  course 
by  the  amount  of  expansion  proper  to  any  substance  employed  f . 


•  For  such  small  difFerences  of  temperature  the  Newtonian  law  may  be  viewed 
tin  abtiulutely  accurate. 

fin  fact,  let  AB  represent  the  sinfaceof  the 
Iwdy,  rifeiving  heat  at  the  point  a  ;  and  let  a  b 
he  a  line  normal  to  the  surface,  consequently  the 
expansion  of  which  is  to  produce  the  elevation  at 
the  point  a.  The  ordinateii  of  the  curA-e  cd  may 
represent  the  acquired  temperatures,  and  the  Xo- 
(al  actpiircd  tenij)erature  will  Ik*  denoted  hy  the  an  ;i  t)f  the  curve,  to  wiiich  likewise 
the  expansion  will  be  proportional  without  rt<gard  to  its  particular  form  ^tlie  distri- 
bution of  heat),  which  will  vary  with  the  conducting  |)owcr ;  and  although  it  is  very 
|)ossib1c  that  the  ordinate  ac  of  the  curve  may  be  greatest  in  a  bad  eondiictor,  it  is 
very  easy  to  h-c  that  the  total  area  never  can. 
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Coiuequently  this  amount,  or    a,  will  be  ptoportioiial  to 

f  (m^^).  K.  dt 

B  being  ifae  meosuie  of  eaqiatuibllHy,  e  the  etapexatj  for  heat  of 
the  aubatanoe^  taken  by  vokme  not  hy  weig^ 

57.  Hcnoe  it  iqppears  to  be  quite  obvious,  that  as  far  as  con- 
ducting power  is  concerned,  bath  bar  and  block  should  have  it  in 
the  hip;he8t  poBsible  degree.  It  woukl  be  quite  eaaential,  too^ 
upon  this  explanation,  that  the  cold  metal  should  expand  more 
than  the  hot  one,  otherwise  the  loss  of  elevation  by  the  contract 
tion  of  the  warm  metal  will  oqual  or  exceed  the  vantage-ground 
for  the  new  vibration  gamed  by  the  expansion  of  the  cold  one. 
By  both  these  criteria  Mr  Faraday's  theory  seems  to  be  defi- 
cient: — I  need  only  point  out  the  position  of  zinc,  which,  with 
greater  expansibility  than  lead  or  tin,  occupies  so  high  a  place  in 
the  list  of  vibrators,  and  cannot  be  used  as  the  cold  metal  with 
any  other  except  silver ;  according  to  the  theorv,  zinc  ought  to 
vibrate  far  better  upon  zinc  than  upon  lead  or  tin.  Silver  again 
vibrates  upon  cold  iron,  although  its  expansibility  is  a  half  greater. 
Siidi  faeta  aa  iheae  aeem  abaolntety  unaeeountaUe  upon  the  by- 
potbesb  of  es^HUuion. 

58*  The  (^jeetiooa  which  I  todc  m  Umme  to  the  eaqokna- 
tion  of  Sir  John  Lranun  and  lb  Fabaday,  (which  was  adopted 
by  Mr  Tbbtslyav  m  ,the  paper  printed  m  the  Edinbuigli 
Tranaaetions),  were  atvengthened,  and  I  may  aay  rendered  de- 
ciaive^  by  my  aubaequent  expenmentfl^  the  zeaulta  of  lAidb  have 
been  detailed  in  a  pce?ioua  part  of  thta  paper.  For  nearly  two 
years  I  have  Ix^en  constantly  expecting  to  see  aojpie  aystematic 
examination  of  these  curious  &ct8»  but  the  public  aeems  to  have 
rested  satisfied  with  the  ascription  of  them  to  a  dni|Ae  and  ac- 
kno^v1eflf»etl  effect  of  heat.  Tliey  have  hardly  been  noticed  in 
the  Journals,  and  foreigners  complain  of  the  few  data  afforded 
by  English  works  on  the  subject.   An  article  by  Professor 
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MiTNCKE  of  Heulellx^rg  in  Foggendr>rff*s  AnnaJen*,  cohmsis 
chiefly  of  the  trauslatioii  of  a  very  brief  notice,  which  I  ha(i  pul>- 
lished  in  the  iMlinburgh  Jounial  of  Science f,  but  contains  no 
new  observations.  Having  shewn  the  reasons  wliich  led  me  to 
dissent  from  the  opinions  at  first  proposed,  I  shall  now  explain 
the  views  which  I  hftve  been  led  to  entertain  from  the  atudy  of 
the  phenomena. 

59.  I  shall  first  recapitulate  the  general  laws  at  which  we 
have  arrived. 

lit,  The  vibrationB  never  talce  place  between  Sttbstanoes  of 
the  same  nature.  Art  18. 

Both  substances  must  be  metallic.    Art.  1 4. 

3?/,  The  vibrations  take  j)lace  wirti  an  intensity  pr<^rtional 
(within  certain  limits)  to  the  difference  of  the  conducting  powers 
of  the  metil<  for  heat  (or  electricity)  :  The  metal  liaving  the 
least  condiu  tin::  power  being  necepsarily  the  coldest.    Art.  86. 

4<A,  The  time  ot  contact  of  two  points  of  the  metals  must  be 
longer  than  that  of  the  intermediate  portions.    Art.  37. 

5th,  The  iinpuUe  is  received  l)y  a  distinct  and  separate  j)ro- 
cess  at  each  contact  of  the  bar  with  the  block,  and  in  no  ca.se  is 
the  metallic  connection  of  the  bearing  points  in  the  bar,  or  those 
of  thebbc^inany  way  ess^tiaL   Art  88. 

6fs&,  The  intensily  of  the  vibration  is  (under  certain  except 
lions)  proportional  to  the  diflbenoe  of  tempemtuie  of  the  metals. 
Art  47. 

60.  Li  order  to  satial^^  these  various  oonditiom^  w;e  shall  find 
that  the  range  of  hypotheses  is  not  great  JDnring  my  experi- 
ments I  was  for  a  long  time  attached  to  the  idea  of  a  thermo- 
electric action.  The  hypotheses  which  I  assumed  to  explain  the 
steps  of  it  I  was  forced  sucoeasively  to  abandon,  and  the  total 
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want  of  <x>nuexiua  of  the  order  of  the  metals  as  vibratoRi  with 
flidr  thermo-electric  properties  (and  especially  the  absolute  inert- 
nen  <^  antimony  and  binnuth),  oonvinoed  me,  after  a  long  aeries 
of  experimentSi  undertaken  with  this  vieWi  that  I  was  wrong. 

61.  The  strict. and  simple  connexion  with  the  conducting 
powers  of  the  metals  for  heat  and  electricity,  affi»ded  a  firm  basis 
for  flpeeulatiiMi^  and  I  was  soon  foroed  to  eoosider  heat  as  the  sole 
agent  in  the  casei  all  idea  of  electricity  bein;;  necessarily  aban- 
doned, as  '^oon  as  it  was  established  that  /Aerfno^ectrici^  had  no 
share  in  the  action.  The  general  laws  above  quoted  seem  to  be 
all  resolvable  into  this,  "  that  there  is  a  repulsive  action  exercised 
in  the  transiiHHsion  of  heat  from  one  lM)dy  into  another,  which  has 
a  less  powrr  ol  c  oiiductiTig;  It."  Tliese  repwlsions  n?ily  take  place 
betueen  hotliL^  liaving  a  certain  amount  ol"  conducting  power, 
below  which  some  metals  tall ;  it  must  be  excitable  in  a  most 
minute  space  of  time  ;  and  is  energetic  iu  propuilion  to  tlie  dif- 
ference of  conducting  power  of  the  sut^stances,  and  to  their  diffe- 
rence of  temperature. 

62.  It  seems  most  probable,  theiefoie^  tiiat  the  repulsive  action 
alluded  to,  depends  on  tbe  internal  motions  of  heat  itsdC  It  wace 
easy  to  frame  a  hypothesb  which  would  be  sufficiently  plansiMfi 
and  represent  the  phenomena.  I  forbear,  howeTer»  fimn  doing  it 
at  preaeat,  because  our  ignorance  of  the  internal  constitution  of 
bodies,  and  the  mechanical  process  of  the  conduction  of  bodies,  is 
such  as  to  render  h)i)othetical  reasoning  upon  sudi  data  almost 
useless.  That  repulsion  does  exist  in  the  case  of  heat,  can  hardly 
admit  of  a  doubt.  The  reason  that  we  cannot  render  it  visible 
in  ortlinarv  cases,  is  no  doubt  that  the  repulsion  of  the  heat  in 
two  approximate  molecules  of  bodies  is  too  small  to  be  weighed 
in  our  tialances.  Consequently,  two  bodies  ecpially  heated  and 
placed  together,  manifest  no  sensible  repulsion,  lu  biuh  a  ease 
every  portion  of  heat  is  kept  in  equilibrium  by  the  equal  and  op- 
posite repulsions  of  the  molecttleB  on  each  side  of  it,  which  is  the 
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eaae  lAnea,  heeX  is  mufimi]^  diffined  tlmrag^  a  bo^,  and  wlndi 
19  maniibBted  by  that  umTCiMl  tendency  to  dHftwion.  Henoetbe 
etement  of  beat  b  in  a  state  of  equifibainni,  and  tlie  only  fimse 
wbicih  ootildbeemtedBuct^sBfuUy  toproduceasepaialiai^  would 
be  between  the  heat  lending  in  tbe  itut  molecule  of  one  body, 
and  the  first  of  a  separate  one  in  contact  ivith  it,  but  not  bound 
to  it  by  cohesive  attraction.  Si:qip0Be^  however,  this  second  or 
free  body  cooler  than  the  other,  a  current  of  heat  will  be  imme- 
diately createil,  whioli,  ;i.s  it  is  more  or  lef^s  easily  received  by  tbe 
cold  bodv  than  parted  Avitli  by  tbe  hot,  "vvill  create  a  stn<rnrition, 
or  a  rarefaction  of  the  elements  of  beat,  rL's]>ectively  ;  in  tlit  ior- 
raer  case  producing  a  repulsive  action,  or  reeoil  tbroiigh  the  whole 
string  of  elements  set  in  motion  ;  in  the  latter  we  are  led  to  an- 
ticijmte  that  the  action  would  be  attractive.  If  this  v  iew  he  cor- 
rect, (and  being  theoretical,  I  do  not  attach  great  innx>rtance 
to  it,)  it  is  easy  to  see  why  repulsion  takes  place  only  when  the 
cool  body  has  less  oondhicting  power  than  the  hot,  and  why  the 
lepakiTe  energy  deiiends  on  the  diflbienoe  of  these  oonducting 
powask  In  the  case  of  veiy  bad  oonductors,  such  as  antimmiy 
and  bismuth,  I  conceive  tbat  the  cninent  baa  not  had  tnne  to  estsr- 
Uish  itself 

68.  In  the  case  of  electridty»  a  remarkable  siniflaiity  of  ef- 
fect is  observable,  depending  on  the  condncth^  power  of  the 
material  through  which  it  passes.  All  those  remarkable  repul- 
sive actions  which  produce  destructive  effects  in  the  case  of  lig^ 
ning,  take  pboe  dujnng  the  aociimulation  of  impulses  in  bad  ccmi- 
duct<Mr8*. 


*  I  migbt  pomt  out  another  analog^,'  in  the  sudden  and  forcible  action  of  the 
hy'''"s»"''t:  rii"i,  where  the  accumulated  effect  of  small  impulses  produces  sudden 
and  intent  resuUs,  but  I  aii)  afraid  of  extending  unwarrantably  such  speculative 
analogies.  The  two  pweding  paragraphs  of  this  paper  have  been  aomewhat  ino> 
dUM  daw  it  «M  lint  nmI. 
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64.  I  have  been  led  to  entertain  tlie  idea  of  a  new  species  of 
mechanical  agency  in  heat,  not  firom  a  love  of  introdudjig  novel 
principles,  but  after  having  been  driven  by  experiment  fiom  llie» 
hypotheses  to  wludi  I  m  at  fint  entirdy  attadied.  Althou^ 
the  mechamcal  efect  of  the  lepnlnTe  power  of  heat  cannot  he 
eaid  ever  to  have  heen  dnuonrtrated,  coqwriments  are  not  wvat- 
ing  which  seem  to  he  quite  inesplioahle  wiihoat  its  atdt  or  some 
other  principle  not  yet  recognised  m  sdeooc; 

65.  Several  ingenious  French  o^cnmentalists  have  ftmiisl^ 
ed  us  with  &ct8,  which,  though  not  completely  established  as  he- 
longing  to  any  peculiar  class  of  phenomena,  and  therefore  not 
generally  admitted  into  systematic  works,  are  not  the  less  worthy 
of  notk-e  TTmse  which  bear  most  directly  on  our  present  spe- 
culation were  observed  by  M.  Frksnei,  *  ;  namely,  the  repulsion 
of  disks  of  mica,  of  which  one  was  placwl  at  the  extrt  rnity  of  a 
delicately  suspended  needle  in  vaam,  and  when  the  disks  were  in 
contact,  heated  by  means  of  a  ray  of  sol;ir  light  concentrated  by 
a  lens.  M.  Sah^kv  |  has  also  described  a  class  of  similar  pheno- 
mena observed  by  himsd^  with  a  considerable  number  of  metals, 
which,  after  rejecting  the  iaflnenoe  of  aerial  canmtB,  of  dectzi- 
city,  magnrtawn,  he  ascrihes  to  the  lepnkive  action  of  radiant 
heat  at  sensSde  distawm  Hieie  aw  seraial  other  e^eriments 
on  record  which  seem  toiequive  a  similar  faqJanatjon,  but  I  a|>- 
pcehend.  that  the  present  are  the  first  to  ertidblidi  the  existence 
of  some  species  of  mechanical  repukimi  in  the  propagation  of 
heat,  a  principle  which  can  hardly  fiul  to  be  apphcaUe  to  the  eK- 
fulanatiiwi  rfirtwiyiiatwTOi  phcuwiiifiiiw*- 

Gaebkuili.,  Edimbokgu, 
mh  February  1888. 


•  Annates  de  Chimic  et  de  Phi/sique,  xxix.  57.  and  107. 

+  See  several  sucoeasive  article  in  t)u>  BvUetin  da  iSdeaca  MatiigmatkpiUt 
torn.  ix.   See  idso  FouiusT,  Elmau  dt  fhysi^fue, 
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QbtermHoM  on  the  Natural  History  <f^e  Salmon,  Herring,  and 
Fendaee.  By  Robebt  Knox»  F.  R.  S.  Ed. 

(Head  mh  ami  Hist  Jan.  liWii  ) 


FART  I^THE  SALMON. 

TnE  inquiries  ol"  scieutilic  pcrsoii??  into  tlit-  various  departments 
of  kn  nvledge,  have  very  generally  for  their  solo  object  the  inves- 
tigation of  truth,  and  the  yirogrcss  of  science,  without  any  refe- 
rence to  trade  or  the  usual  business  of  lite.  Hence  to  tlie  prac- 
tical man  they  seem  generally  drj'  and  ^^ithout  interest,  his  mind 
being  directed  towudB  inunediate  utility,  pablic  or  individiiaL 
Sboidd  I  in  the  course  of  the  piwent  inquiry,  (which  in  its  es- 
sential nature  is  stzklly  amitoniical  and  physiological,  and  can 
be  iuTestigated  vith  advantage  <»ily  by  the  aimtonust  and  phy- 
siologist) seem  to  the  strictly  scientific  to  have  paid  too  mudi 
attrition  to  ^netical  detail^  apparently  unconnected  with  the 
scientific  part,  and  consequently  out  of  the  line  of  my  vocation, 
my  apology  is,  that  in  the  courae  of  the  observation^  I  found  this 
to  be  unavoidable,  although  my  utmost  eflbrts  were  made  to  pre- 
vent the  inquiry  running  into  this  laborious  and  expensive  train  ; 
and  1  entertain  a  firm  belief,  that,  on  a  careful  perusal  of  the  ob- 
servation*^. t;iking  all  matters  into  consideration,  it  will  be  found 
that  1  could  not  have  done  otherwise. 
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It  vsill,  1  hope,  be  admitted,  that  an  inquiry  into  the  habits 
of  gn  ^'ai  ions  tishes,  necessitates  more  than  a  hasty  glance  at  a 
few  specnnens ;  this  mode  had  been  often  attempted,  but  had 
constantly  failed  in  discovering  tlie  truth.  The  nature  of  tlie 
food  of  the  Herring,  Corregonus,  and  Sahnon,  was  not  to  be 
stumbled  on  by  accident.  I  feel  ha})pY  in  having  to  oflfer  it 
as  a  direct  result  of  jmtient  scientific  niqiury-  The  obstacles  in 
the  way  of  truth  and  of  discovery  in  respect  to  these  animals,  lias 
been  finely  glanoed  at  in  a  ihort  notioe  bj  a  distingidshed  geo- 
iogiBt  and  adentifie  man,  to  which  my  aUention  has  been  called 
rinoe  these  memoin  went  to  the  press 

^Vhen  the  evidence  hefoie  the  Pafliamentaiy  CVmonittee  on  ^ 
Sahncm  question  was  published,  I  examined  tihat  evidence^  witha 
view  to  the  obtaining  additional  knowledge  as  to  the  g^nemtiiMi 
of  osseous  fishes.  In  tliis  I  was  much  dissppohited :  on  compa- 
ring the  evidence  ynih  itself  and  with  my  own  inquiries*  I  finmd 
it  to  be,  in  my  judgment,  au  inextricable  mass  of  concision  and 
enor.  Having  satisfied  myself  as  to  this,  I,  after  mature  d^be- 
rati<Hi,  but  still  ^ith  considerable  reluctance,  proceeded  to  extend 
my  inquiries  into  the  natural  history  of  the  Salmon,  Herring,  and 
their  con^^cnerous  s|>ecies ;  the  result  I  have  now  the  honour  to 
submit  to  tlie  public  in  the  ibnn  of  a  brief  text.  The  Apjx^ndix 
contains  a  mass  of  matter,  criticisms,  &c.  in  support  of  tlie  opi- 
nions contained  in  the  text,  and  will  shew  what  all  jjreced  ii  t:  ()f>. 
servers  have  evidently  neglected,  the  particular  and  ptrst>i)al 
nature  of  my  inquiries, — the  varied  nature  and  extent  of  the  field 
of  observation, — the  ijifitiite  ciire  taken  to  avoid  error, — and  that 
scarcely  any  thing  herein  stated  rests  on  hearsay  evidence,  or  on 
conjecture.  Of  my  competency  to  make  correct  anatomical  and 
physiological  remarks,  no  reasonable  person  I  hop^  who  is  at 
all  acquainted  with  the  natuxe  of  my  pursuits,  will  have  any 
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doubt;  but  respecting  tliifi  it  would  of  course  be  unbecoming  in  me 
to  make  any  fiirUier  NmadDi.  I  may  take  tlie  liberty,  however, 
Oboe  finr  all,  of  oiulioimtglliOKirfioinay  traul^ 
a  penual  of  theae  memdz^  lespecting  eriticlBi%  iriiich  no  doubt 
will  be  offibnd  in  abundaiio^  with  a  boldneai  not  imfirequeiitly 
proportioiied  to  the  i^otance  of  ihe  critic*.  When  ditooireriea 
aieinaifemaByof  IheexactBdenoeBi  aaof  aflteonomy,  optica»  ma^ 
tliematia^  &e.  the  merit  or  accuracy  of  sudi  disooveraeB  is  investi- 
gated and  criticised  by  astranemers,  opticians,  mathematicians, 
&c.,  that  by  persons  competent  to  the  task,  and  entitled  to  oi* 
tidse  by  a  pirity  of  ability  and  of  attaimnenta.  But  in  natural 
history  it  is  otherwise :  for  although  there  are  many  problems  in 
natural  histray  of  extremely  difficult  solution,  requiring  an  ex- 
•  tended  acquaintance  with  anatomy  and  physiology,  two  sciences 
of  as  difficult  acquisition  as  any  I  know  of ;  yet  I  have  met  witli 
thousands  of  persons,  otherwise  well  educated,  who  cannot  be  iiuicle 
to  understand  this  very  simple  fact;  but  who,  on  tlii  (ontiary,  per- 
sist in  believing  that  any  one  may  make  observations  on  zoology, 
w  hatever  may  be  their  abilities  or  previous  education.  Those 
readers,  then,  who  take  an  interest  in  llie  lodogy  of  tiie  nbnon 
and  boRin^  would  perhaps  do  well  to  oonnder  that  a  finuliarily 
with  fidiea^  aa  an  amateur  angler  or  fiahmonger,  does  not  oooBti- 
tpte  a  aoologiat;  the  iqppHcalifln  has  been  made  to  other  aeieaee^ 
and  I  know  of  no  leaaon  why  loology  ahodd  be  held  angular  in 
tiuB  respecfc. 

The  memoir  ia  divided  into  aectiouB^  with  a  view  chiefly  to  -tbe 
Gonvenie&oe  of  the  leader. 


*  We  have  •Iready  nen  a  pcnon  aiMrt,  in  cpen  dcfiuoe  cf  <he  atitemento  <if  dl 

practical  flsliernien,  and  of  every  writer  •  i:  natural  history,  fnm  LlMKS -downwards 
to  Professor  Hbnwib,  that  the  food  of  the  Hurring  was  known  to  everi-  botly  ! '  Thr 
object  of  such  remarks  cannot  be  mistaken.  The  respect  due  to  science,  and  to 
this  Society,  peduto  me  fion  notieing  lodi  ■lateBwateatgferter  lengdi  fa  lliis 
plaot.  A  finr  ■dUtttkiml  nmariis  wjll  be  fimnd  in  <lie  AppoiAE. 
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SECTION  I. 

Natunlttts  aie  not  agreed  as  to  the  number  of  qpeeiet  consti- 
tuting the  Salmon  and  Troatldnd.  For  pmctiad  poiposei  the 
fo]loiwing  amuigement  nnjbe  admitted  /the  tnie  Safanon,  indo- 
dmg  tibe  Grilse ;  ~tfae  Safanim^Tnnit»  meraly  an  inferior  kind  at 
Salmon,  and  whose  natmal  hisloiy  I  shall  give  in  a  separate  me- 
moir, and  induding  the  Whitling  of  the  Tay ;  the  Heriing 
abounding  in  the  Solway,  and  which  some  imtumlists  have  un- 
happfly  confounded  with  the  Salmon-Trattt  or  WMiling*.  Of 


♦  Wben  herKng  flnt„aM»id  «  river,  and  are  tak«n  ■bortly  after  dbair  aacentt 

but  vidlin  that  part  of  the  fiver  influenced  by  the  tide,  diey  are  clear,  (^ilveiy; 
and  covere  !  with  scales,  compared  ■with  what  thev  b<}coine  after  a  short  reaideiicf  in 
fresh  water  above  the  influence  of  the  tide.  In  J  ui^'  and  August,  fur  example,  her- 
Kng taken  in  Ae  elakejwt^  of  Ae  Solwi^  er  even  Ja  die  Nitb,  or  a  litde 
higher  tlian  the  port  of  Kelton,  are  in  this  prime  state,  and  moreover  have  a  redneaa 
of  flesh,  Enviii£r  the  fish  a  general  vermilion  colour  in  rertiin  po^ition'^,  and  an  ex- 
cellence of  flesh  aa  an  article  of  food  m  no  shape  inferior  to  the  gnlae.  Their 
■IiimmIm  — mI  jwla^'iM*  *iw  MMfitjj  ttr  MwtMii  illy  thj>  pmwliT  MilimiitJhnA  They 
erill  remain  several  days  in  this  {NOCC  of  the  Nith  without  resorting  to  any  other  de- 
scription of  food,  alth«U};jh  thu  river  at  the  time  actually  abounds  with  hcrriiig-frv, 
minnow,  small  ahrimjpa  (forming  exclusively  the  food  of  a  very  superior  sort  of 
liroMniB).  On  Ae  edier  hand!,  flah  the  river  ASnm  «t  about  twdve  inikf  ui  • 
diieok  fine  fkramHsnoath,  In  the  latter  end  of  September,  and  the  heriing  will  he 
found  in  sufRcient  abundance,  but  altered,  first,  to  external  appearance,  it  has 
assumed  much  of  the  sea-trout :  its  organs  of  generation  (male  or  female)  are  rapidly 
advancing  to  the  spawning  condition.  The  stomach  contains  minnow  and  the  ordi- 
naiiy  find  of  tront;  and  yet  it  ii  wordiy  of  notion  that  when  ke|it  th^  do  not  nm 
su  rapidly  into  a  putrescent  etalS at  the  common  tn>ut  taken  at  the  same  time.  The 
females  are  about  one-half  more  numerous  than  the  moles,  and  the  quality  of  the  flesh 
is  Ittth^  if  at  all,  better  than  that  of  the  common  trout.  It  was  remarked,  also,  that 
■A  diaherlin§i  taken  at  due  tine  and  in  tiOBbeaili^,  wen  advancing  rapidly  faitoAe 
hrrnflim  oooditkn;  vhereas  many  common  trout,  equally  large,  were  not  altering 
into  this  state,  being  trout  whirfi  evidently  woulH  have  remained  barren  thruntrhont 
this  ocason  at  leaat  The  fleah  of  these  was  superior  to  that  of  the  herUog  caught 
aa  above 
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the  River  Trout,  of  which  I  imagine  there  are  at  least  two  spe^ 
des  frequenting  our  men  and  hSsea,  I  nuiy  remark,  that  the  &st 
is  the  Ydlow  Trout ;  the  second  I  hare  named  the  Pair-Trout 
This  hitter  is  often  confounded,  even  by  practical  fishers^  with 
the  Vast,  Brindlin,  Fingerling  or  Samlet,  and  the  mistake  has 
given  rise  to  innumerable  errors  and  endless  diqmtation.  In 
their  nature,  habitti,  and  locality,  as  I  shall  aflerwards  shew,  they 
are  very  distinct  Of  tliis  panMnrnt  one  kind  is  found  to  be 
red  when  opened^  and  is  a  very  superior  article  of  food  to  the 
others,  which  are  always  white,  however  fed.  The  parr,  though 
in  some  nieasiire  unimportant  in  itself,  by  reason  of  its  want 
of  bulk,  hns  nt'vortheless  hk  c  cd  from  us  a  degree  of  atten- 
tion almost  e(|ual  to  that  bestowed  on  the  salmon,  and  which 
seemed  in  some  meastire  necessary  by  its '  opposed  connexion 
witii  the  natural  history  of  the  siihuuu  ;  it.-?  history,  along  v\-ith 
that  of  tlic  herling,  u  ill  form  a  subje<-t  for  a  separate  iiicnioir. 
Closely  allied  to  the  sahnon  is  the  Vendace  of  Locluuaben, 
generally  esteemed  by  naturalists  as  a  Corr^nus.  This  par- 
ticular spedes,  however,  is  of  rare  locality,  confined  indeed  to  a 
very  few  hikes  in  Bzitun,  of  excellmt  flavour  as  an  article  of 
food,  and  in  tius  respect  perhaps  second  only  to  the  salmon.  Its 
food,  as  happens  with  so  many  gre^rious  fidies,  was  unknown ; 
like  the  beniu^  to  which  it  is  also  closely  allied,  it  was  sup- 
posed by  the  common  people  to  live  by  suclion,  tm  air  and 
water,  &c.  The  more  rational  conjecture  of  naturalists,  that  its 
food  is. of  a  vfiigetable  nature,  proved  an  error :  we  first  discovered 
and  put  beymid  a  doubt,  that  its  usual  food  is  the  microscopic 
entomostraceous  animals  with  which  the  lake  abounds.  This 
guided  tis  in  an  unerring  way  to  the  discover}'  of  the  footl  of  the 
herrinfi  But  the  history  of  these  fishes  will  form  tlie  subject  of 
the  S(M  (Mid  Part  of  these  observations.  Throui^h  tlir  fi»-h  called 
Corregonus,  ot  whicli  the  Vendace  of  Lochmaben  otters  a  good 
example,  the  Salmonid^e  are  allied  to  the  ClupeadiE,  or  the  Sal- 
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mon  to  the  Herring.  This  happens  in  our  own  country ;  in  other 
countries  there  are  perhaps  somo  other  finhes  which  more  com- 
pletely supply  the  link  between  these  two  most  important  tribes. 
Captain  Franklin  and  his  intrt  pid  party,  vvho  twice  visited  the 
Arrti<'  Regions  of  America,  mentions  tlieir  subsisting  mostly 
tlirough  the  winter  on  a  fish  called  tlic  Herring  Salmon  of  the 
Bear  Lake.  I  have  not  seen  this  fisli  nor  any  delineations  of  it, 
but  presume  it  to  have  been  a  Corregonus  cIom  ly  allied  to  tlie 
sahnon  and  herring,  and  constituting  an  intermediate  link  con- 
necting these  two  grefttiiunilws. 

SECTION  11. 

The  admiiaUe  ftivour  of  tiie  true  salmoti«  his  prcrflne  faMJease 
and  value  in  the  market,  render  his  food  and  extent  of  miffn^ 
tiiNi  worthy  objects  of  the  most  careiiil  inquiry.  Tliis  was,  how- 
ever, siirroiinded  with  great  difHodties,  and  had  given  rise  to 

many  opinions  more  or  less  probable,  but  in  their  essence  con- 
jectural, or  nenrlv  so.  As  a  proof  of  the  difficulty  of  the  inquiry, 
it  being  unneces4>ary  to  cite  more  here,  I  shall  content  myself  with 
quoting  a  passage  from  a  verj'  recent  work  (18.*?3,)  on  Natural 
Historj,  "  The  ComplcU^  Angler  of  Izaak  Walton,  '  edited  by 
Mr  Rknnie,  Professor  of  Zoology,  King's  College,  London.  In 
1653,  Walton  found  nothing  in  the  stomach  of  the  Fordige 
Trout;  andinanote^  in  the  year  1888,  Mr  Rknkib  adds,  The 
same  is  true  of  tlie  salmon,  which  has  never  any  thing  be- 
sides ayellow  fluid  in  his  stomach  when  caught :  the  same  is  also 
true  of  the  herring.**  The  food  of  the  true  salmon,  on  whidi 
all  his  estimable  qualities,  and  in  my  opinion,  his  veiy  «dsteno^ 
depend,  and  which  he  can  obtain  only  in  the  ocean,  we  have 
found  to  be  the  ova  or  eggs  of  various  kinds  of  the  echinoder- 
mata,  and  of  some  of  the  Crustacea.  From  the  richness  of  the 
food  on  which  the  true  salmon  solely  subsists,  arises,  at  least  to 
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a  certain  extent,  the  excellent  qualities  of  the  fish  as  an  artide 
of  food.  Something,  however,  must  be  ascribed  to  a  specific  dif- 
ference in  the  fish  itself;  for  tliough  we  have  ascertained  that  the 
sabnou-troui  lives  very  much  in  some  localities  on  the  same  kind 
of  food  as  the  true  sabnon,  yet  under  no  circumstances  does  this 
fiah  acqiiive  lihe  Bitue  exquiaite  flavtnur  m  tiie  true  salmon :  hence 
the  rod  habitat  of  the  true  Bafanon  u  the  diofea  and  faaya  vUdi 
moat  abound  with  this  kind  of  food.  'Whentheflahnonfinttaikea 
to  the  estuHjand  to  the  riTor,  whether  b^oiid  i»  within  die  in- 
fluence of  the  tide»  faedoea  not  feed  unleas  the  eatuaiyahould  hap- 
pen to  contain  thia  peculiar  land  of  food ;  food  congenial  to  othe^ 
and  analogous  fishes,  (however  doaely  they  may  be  allied  to  him) 
ia  ne<;Ur  ted  by  him  * ;  and  as  inno  case  can  he  find  his  proper  and 
peculiar  food  in  fresh  water,  he  deteriorates  conatanlly  whilst 
he  remains.  Neither  the  estuary,  the  braebsli  water,  and  mudi 
less  the  fresh  water  river  constittite  his  liabitat ;  he  takes  to 
tluni  solely  on  account  of  their  In'ing  comprised  within  the 
range  of  liis  migration  Many  salmon  ascend  and  descend  rivers 
with  ever^'  tide,  and,  lilve  their  congener  the  trout,  rush  up  ri- 
vers wlieu  Hooded,  'i  he  regulating  eause  of  such  luovements  in 
the  trout  is,  1  am  satisfied,  the  Meaich  for  food ;  but  every  iaet 
disproves  this  application  to  the  salmon.  Their  &rther  migra- 
tion up  rivers  beyond  the  influence  of  the  tid^  will  be  eiqilained 
whenweapeakof ihehiatotyof aalmonaaaamolt  Togofiirtfaer 
into  thia  matter  heie  would  but  lead  to  repetition.  On  the  other 
hand,  the  aahnon-trout  ia  byno  meana  ao  nice  in  respect  to  ibod. 
Bendes  pieying  on  the  food  of  the  trae  salmon,  it  takes  Teiy 
readily  the  sand-eels  and  herxing  fry ;  and  these  it  finds  in  more 
or  less  abundance  in  estuaries  and  at  Ihe  mouths  of  rivers.  Thus^ 
both  in  its  specific  nature^  and  in  respect  to  its  indiacriroinate 


*  EsperimenU  are  wantbig  to  detemiiie  to  what  extent  the  ipewned  «diiM»  of 

die  true  tuilnion  kind  feed  in  rivers  during  the  spring  monfhi;  but  on  thii,  «8  on 
molt  of  tlie  disputed  pointa,  see  the  AppsM^x  generally. 
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mode  of  feeding,  it  is  inferior  to  the  tnic  salmon ;  and  I  must 
say,  that,  during  my  investigations.  T  have  found  this  fact,  I  mean 
his  inferior  quahtyas  food  lor  man,  known  to  most  persons  in  the 
h  asi  degree  practically  acquainted  with  fishes.  Tlie  want  of  ex- 
tendetl  obsers'ation  in  these  matters  has  led  some  distinguished 
persons  into  very  foohsh  theories.  Sir  Humfiiky  Daw  had  a 
theory  that  all  the  salmon  kind  fed  on  one  kind  of  food,  but  be- 
ing unaUe  to  «q[>lain  why  the  true  mbnon  when  taken  in  riven 
even  newly  run,  hove  die  atomacii  quite  empty,  he  hm^^ned  a 
silly  notiiHi,  tint  thu  abstemioumesB  of  the  Balmon  anise  from  an 
iaatbict  inatructing  him  not  to  load  his  stomach  with  &od  on  the 
eve  of  a  kfligjouniey.  The  truth  is»  tliat  whilst  the  Btomach  of 
die  tnie  salmon  seems  always  empty,  that  of  the  sea  or  salmon 
traut,  fiom  being  a  coaner  feeding  fish,  is  generally  quite  ML 
And  as  to  the  long  journey  Sir  Humfhrt  thinks  they  are  about 
to  tak^  he  seems  not  to  have  known  that  the  salmon,  during  all 
the  early  part  of  the  season,  seem  to  be  ascending  only  so  fiur  as 
the  river  is  influenced  by  the  tide,  and  generally  returning  with 
it  when  allowed  to  do  so.  A  glance  into  a  stake-net  fish-house, 
and  a  very  brief  inspection  of  a  stiiirc-net  Jisheri/  (such  as  those 
now  in  use  on  the  Dee  ;it  Kirkcudbright,  from  the  bridge  below 
Tongueland  to  the  lowe^it  ebb  of  the  title  i.  ^voidd  have  pointed 
out  to  this  excellent  chemist  the  true  ex})lanation. 

The  true  sabuon  when  in  rivers  above  the  highest  point  of 
tlie  tiood-tide,  and  as  an  inhalntant  thereof  will  be  found,  with 
oertain  exceptions  to  be  afterwards  explained,  out  itf  oooditbn» 
and  unfit  for  any  market  in  the  kingdom :  he  is  in  the  liver, 
if  above  the  tideway,  and  after  the  heij^t  of  smnmer,  fin*  the 
qiedal  purpose  di  depositing  his  spawn :  the  exceptions  to  this 
win  be  explained  hereafter.  It  naturaUy  happens  that  whilst 
in  riven^  and  still  active^  he  suffers  greatly  for  want  of  food, 
and  may  no  doubt  sometimes  be  taken  witii  the  otdinaiy  bait 
of  tiout ;  but  so  fiir  from  there  being  any  extensive  series  of 
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ex|x?rinieiits  to  prove  that  he  feeds  on  ilns  kind  of  food,  every  re- 
corded fact  proves  tlie  very  reverse :  they  Ix^-oine  at  last  disigree- 
able  objects  to  look  at ;  I  have  opened  the  stomach  of  a  fish 
killed  by  the  poacher  in  tlic  month  of  October,  nearly  100  niilcK 
fVom  the  ocean,  with  the  peculiar  food  and  none  else,  still  in  the 
intestines*  and  tliis  in  probably  the  finest  trouting  stream  in 
Scotlandt  and  of  oourae  fall  of  trout  food»  wliicifa,in  Ais  extended 
run,  oocttpying  at  the  least  seyeral  days,  he  had  altogetlier  des 
dined  touching-  These  important  &cts  seem  to  me  to  determine 
1^  following  points:  the  true  and  cxiisy  {eeding  ground,  which' 
is  strictly  the  ocean ;  the  breeding  ground,  which  is  the  fresh 
water  stream,  whether  principal  or  tributary.    The  part  of  the 
river  influenced  bv  the  tide  is  a  kind  of  dehateable  ground  in 
which  lie  neither  ^^eds  nor  breeds,  but  wfaidk  a  few  enter  \\  ith 
the  tide,  or  during  great  floods  of  the  river,  seemingly  because  it 
lies  within  their  ultimate  range  of  migration.    Of  the  causes, 
which  may  induce  the  true  s;dnK>n  to  take  to  rivers  l>esides  the 
great  and  avowed  one,  the  propagation  of  his  specit;s,  there  may 
Ik?  otl)er<  difficnlt  to  understand.  The  facts  which  I  have  collect- 
ed on  this  point  arc  not  many,  hut  by  being  recorded,  they  may 
serve  as  a  nucleus  to  others ;  they  tcntl  to  shew  tliai  those  parasi- 
tical ainnials  which  j)re}  on  liim  whilst  in  salt  water,  as  the  Ma^ 
nocidm  pUcinm,  which  adlieres  to  the  int^iuneuts,  and  the  tape- 
worm *  which  generally  fills  the  pancieatie  ececa,  are  disposed 
to  leave  him,  simI  probably  do  entirdy  quit,  during  his  rendenoe 
in  fifesh  water:  the  fiictis  beyond  dispute  with  regard  tothe first- 
of  these  parasitical  animals,  but  is  unimportant  when  compared 
widi  the  history  of  the  tapfr-woim,  whose  continued  presence^ 
growth,  and  reproductiaD,  must  ultimately,  unless  chedied  by 
some  wiae  promon  in  Nature^  prove  his  destruetion  as  it  does  in 


*  Mr  RoMimi  arranges  this  Jtind  qf  tape  worai  with  the  <*  Botriof^liiIL*  Hn 
nitbority  in  diu  retpcct  I  ahould  Buppose  to  be  niperior  to  every  other. 
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man.  In  this  way,  I  believe  a  residence  in  fresh  wnter  to  ho  de- 
structive to  the  tape-worm  in  the  salmon,  and  to  remove  from 
him,  or  at  least  tend  to  remove  from  him,  a  cause  of  disease  and 
death.  But  I  would  not  have  it  IxjUeved  that  I  speak  in  tliis  mat- 
ter  from  any  very  extended  opportunities  for  observation  :  these 
are  difficult  to  be  got,  and  entail  infinite  labour  .and  great  ex- 
penses on  the  observer.  And  yet  his  aojoum  m  fresh  water  gives 
rise  to  other.  evilSi  for  it  is  then  tiiat  a  new  parasite^  the  Lernaee, 
fiatens  on  hk  giUs^  organs  of  vital  importance :  to  these  htter, 
teor  water  seems  certainly  to  prove  a  poison  *.  We  have  experi* 
nented  also  on  the  tape-wonn  when  removed  from  the  body  of 
the  salmon,  and  found  it  speedily  died  with  apparent  pain*  wlie>« 
Ifaer  put  into  fteah  river  or.  sea  water. 

SECTION  IIK 

Many  excellent  observers  have  described,  with  more  or  less  ac» 
curacy,  the  generation  of  the  sahnon,  the  growth  and  progress  of 
the  smolt,  and  the  descent  of  the  kelt  or  s])awned  fish  to  the 
ocean  ;  but  I  know  of  no  continued  series  of  observatiiHis  on  the 
subject,  published  by  any  on^  of  an  authentic  nature,  and  so  as 
to  admit  of  no  doubt.  To  remove  this  chasm,  and  to  give  to  the 
naturalist  a  tuieleus  whert^on  to  bxiild  future  observation,  I  have 
thought  it  riclit  to  rlctnil  at  considerable  length  the  following 
history  of  the  Salmon  Smolt,  from  its  first  depoidtion  under  the 


•  l"he  history  of  the  tape-worm  a-,  it  afTects  the  human  species,  is  a  subjeot 
well  dei»ervin»^  a  most  oxtonded  inquiry.  It  is  stjitix!  mi  the  authority  of  Mr  Pearck, 
who  travclJeti  and  resided  a  considerable  lin)e  in  Ab^-ssinia,  that  the  natives  of  that 
oomitiy  are  ezoMdingly  mifaject  to  tapfr-vonn.  Afler  what  I  olMerved  in  Aliica, 
vhere  the  disease,  on  u  patljciiUir  occasion,  attacked  almost  every  one.  I  have  no 
he;<itation  in  ascrit)inj!;  the  raiise  of  its  frequency  in  Abyssinia  to  thf  iiso  of  imwholc- 
.*«mc  beef. — See  a  Mtmoir  in  tfie  Edinbar^i  Medical  and  Sur^ai  Jot{rtud  Jar 
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grnTd  in  die  ftnn  of  an  eg^  to  bMvklkBaalte^MipfmtmetiBanL 
the  fieah  miter  gtreani^  which  fixrmed  its  habitat  whSat  iafiu- 
tile ;  remadcui^  that  evety  thing  stated  thezein  fiSk  under  wj 
own  immediate  peiBonalobeervatifnt  I  haye  thought  it  preferable 
thus  to  nairate  at  aome  length,  and  ahnoat  in  the  order  of  their 
oocuzrenoe^  a  seriea  of  ofaaervationa  on  the  genention  of  the  ova» 
to  any  other  mode  of  deaeribiiig  the  natosal  history  of  the  aal- 
inon-smolt  or  fiy.  It  is  difficult  to  speak  of  matteis  of  1^ 
*  kind  in  the  abstract,  or  under  the  form  of  conclusions  or  results; 
toomuch  has  been  already  attempted  in  this  way.  fieaidea^  I  had 
it  not  altogether  in  my  power  to  compare  these  obsenrationa  widi 
my  previous  ones.  Iiaving  taken  at  the  time  few  notes  of  any  con- 
sequence, and  trusted  too  much  to  recollection  ;  and  as  no  other 
jxTson  had  given  to  the  public  a  series  of  similar  observ  ations,  I 
have  thought  it  better  to  detail  them  to  this  lean)o<l  Rn(}y.  thus 
connecting  the  natural  history  of  the  salmon  try  with  the  grown 
or  adult  salmon. 


TH£  8M0LT,  FET,  OR  YOUKO  OF  TEE  SALMON. 

November  2. — Sahnon  are  observed  to  be  spavming  in  the  v»* 
rums  tributary  streams  of  the  Tweed  which  jom  tibat  nver  fiNim 
the  north,  and  a  pair  are  watched  The  ova  observed  to  be  de- 
posited near  the  sources  of  the  stream  on  the  8d  November,  and 
ooveted  up  with  gxavel  in  the  usual  way. 

Febmaiy  S5. — On  the  S5th  Februaxy,  or  116  d^  after  be- 
ing deposited,  the  ova,  on  being  dug  up^  are  found  to  be  un- 
changed. If  removed  atthis  time^  and  pieaerved  in  bottles  filled 
vrith  water,  the  development  of  the  egg  may  be  hastened  almost 
inune^tely,  by  being  put  into  warm  rooms  ;  it  is  not  necessary 
to  change  the  water.  The  fry  so  hatched,  t.  e.  artificially,  cannot 
be  presored  alive  in  bottlea  longer  than  ten  days;  they  eat  no- 
thing during  their  confinement 
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March  28  — Tlio  ova  now  changmg;  the  outer  shell  cast;  the 
fry  are  lying  imbedded  m  the  gravel,  as  fishes  somewhat  less  than 
an  incli  in  length,  bei^g  now  twenty  weeks  irom  the  period  ol" 
their  deposition. 

April  1. — On  reopening  the  spawning  bed,  inot»t  of  the  fry  had 
quitted  it  by  asccudiug  through  the  gravel  Duxing  a  fanoa  8e> 
ries  of  observations,  I  bave  foimd  die  ov*  embedded  in  llie  gfa^ 
undhangBd  on  llie  lOth  April,  and  as  fiy  or  fidie%  but  aHaSi 
tmbeddfid  in  the  gravd,  on  the  17th:  ihey  weie  taken  th|it  ymt 
irith  fly,  as  Soiolts  on  the  Sad  April,  about  the  axe  of  the  Utile 

April  19. — Many  taken,  ei^t  and  even  nine  indm  long^  in 
ensellent  condition ;  the  riven  now  abound  with  them,  and  their 
fiiod  is  exactly  the  aame  ai  the  trout :  after  death  they  run 
rapidly  into  putresoenoe ;  will  not  bear  handling,  and  uBi> 
Ibnnly  die  if  an  attempt  be  made  to  pieaerve  them  out  of  their 
native  element,  the  pure  running  streams  of  rivers. 

Mav  5. — Still  abound  in  the  tributary  streams,  but  are  not  so 
numerous  as  before ;  they  arc  not  increased  in  size,  and  are  in  all 
probability  fry  of  a  later  deposit.  The  extreme  of  their  growth 
seems  to  be  about  nine  inches,  at  least  none  were  taken  larger 
than  this. 

The  pair  of  salnioji  which  were  watched,  were  from  14  to  16 
lb.  weight,  and  were  seemingly  the  ordinary  Tweed  salmon.  The 
river  (the  IVhitadder)  has  its  aoovoe  in  a  mountainous  country,  and 
atandevatiimof  900  feet  above  the  levesl  of  the  8ea»  Atthistiane 
(November)  the  stream  abounded  in  all  the  different  kinds  of  sal- 
mon  usually  taken  in  the  Tweed,  with  whidi  this  stream  communi- 
cates at  a  dbortdwtanoe  from  Berwick.  They  were  engaged  every- 
where in  spawnin^^  this  being  theusnal  time  in  whidi  that  act » 
carried  on.  They  commence  in  the  latter  end  of  October,  and 
some  are  found  to  spawn  so  late  as  the  middle  of  January,  bat  no 
such  ocoutrencehss  ever  been  observed  later,  nor  would  it  be  essy 
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U)  {KTsuade  thi'  inhabitants  ol  tlu  h  inks  of  theiie  rivei-s  iliat  sal- 
mon ever  spawn  after  the  15lh  .J.muarv.  The  ova  we  now  speak 
of  were  Uepositetl  on  the  J^tl  November,  and  this  was  the  exact 
period  during  ^ch  the  salmon  were  obeerved  to  be  spawning 
in  these  streams.  From  diOa  with  which  we  aie  flfq^ffftintwli  we 
are  assured  diat  at  least  150  salmon  of  different  kind»  had  passed 
up  into  the  streams  now  spoken  of.  These  streams  may  he  thus 
described :  Two  streams  running  fiom  higli  mountain  ground ; 
unite  with  each  other  after  a  course  of  about  five  mikaeacSi,  they 
are  nnall,  but  ver}'  constant  stveam8»  and  even  in  the  driest  sea^ 
son,  at  the  junction  they  measure  about  twenty  feet  Inoad,  by 
about  ten  or  twelve  inches  in  dqith  of  stream :  there  are  some 
deep  pooli^  (say  ten  feet)  in  the  course  of  one  of  these  rivulets. 
The  stream  so  formed  by  the  junction  of  tlu'se  two,  is  joined  at 
the  distance  of  about  thre(>  miles  lower  down  bv  a  third  rivulet. 
Tlie  united  stream,  oven  m  the  driest  senson,  will  then  measure 
upwards  of  sixty  feet  in  breadtli.  wnth  a  depth  of  about  sixteen 
or  eighteen  inches.  From  tins  jM)int  the  river  runs  through  an 
o|jen  country  for  the  distance  of  about  three  miles  farther,  where 
it  is  joinetl  by  a  stream  nciirly  equal  to  itiself  in  strength  ;  but 
our  observations  during  the  spring  were  limited  altogether  to  the 
river  above  the  junction  witli  tius  latter  liw. 

Hie  spawning  bed  made  the  subject  of  observBtion,  was  placed 
at  the  foot  of  a  pretty  long  and  placid  pool,  and  just  at  the  top 
of  a  stream  where  the  water  first  begins  to  fbel  the  e^cts  of  the 
approaching  descent  The  water  was  here  about  fifteen  feet 
broad,  with  a  depth  of  about  six  inches.  The  breadth  of  the 
bed  seemed  to  be  about  eight  feet,  its  length  might  be  three  or 
four,  feet,  the  whole  ha%'ing  rather  an  oval  form.  The  bed  was 
easily  marked  out  by  the  eye  in  consequence  of  the  gravel  having 
the  appearance  of  washed  gravel :  and  this  arises  from  the  whole 
mass  having  been  turned  over  by  the  salmon  during  the  pnx^ess 
of  depositing  the  ova.   The  small  stones  on  the  surfiioe  qSl  the 
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bed  seemed  larger  than  those  around,  and  innch  cleaner  on  thdf 
vr^ao^  and  a  fanciful  mind  might  readily  describe  this  appear^ 
ance  as  a  sort  of  paA'cment ;  of  course  there  is  not  the  slightest 
ground  for  an  expression  of  this  kind.  At  a  de])th  below  the  sur- 
face of  tlie  f^vel  uboNe  (lescrilxKl,  varying  from  nine  inches  to 
twelve,  hundreds  of  ova  of  the  usual  size  were  turned  »ip  with 
the  sptule,  on  the  iioth  of  Fehruary.  They  were  clear,  transpa- 
rent, and  seemingly  unchanged.  \Vc  know  from  other  facts  that 
the  depth  of  the  deposited  ova  may  be  in  some  instances  twice 
that  stated,  or  about  two  feet  below  the  suifiioe  of  the  grarel ; 
but  on  what  tins  may  depend  k  doubtfid.  The  ova  taken  up 
by  me  1X1 1880  were  in  a  ainukr  stieam,  and  at  a  similar  d^A; 
but  the  stream  was  narrower  and  deeper,  and  the  stones  occupy- 
ing the  suilaoe  of  the  giayel  much  cosiser.  Hius  the  ova  had  re^ 
mained  116  days  without  any  liable  alteration  or  change.  The 
winter  was  oonaldersd  one  <if  the  mildest  ever  observed  in  this 
country,  there  having  been  in  some  measure  neither  frost  nor  snow. 
The  trout  took  readily  enough  with  the  fly  (S5th  FebruaiyX  ^nd 
indeed  there  were  a  few  natural  flies  on  the  river.  We  took  two 
dosen  of  trout,  which  were  in  very  good  condition,  particularly 
those  of  a  small  sisse.  The  stomachs  of  these  trout  were  full  of  small 
insects,  as  beetles,  screws,  &c.,  as  they  are  called  by  the  country 
people,  larvie  of  flies,  and  cod  l)ait  <r<'n»'rallv,  with  which  tlie  gravel 
of  the  stream  abounds  in  an  incredible  degree.  In  the  gravel-betl 
the  ova  of  salmon  and  tront  lie  safe  from  every  living  enemy,  and 
in  the  nudst  ot  a  protusion  of  food  whose  habitat  is  tlie  siiine 
as  their  own,  and  whose  progress  of  incubation  and  siibs«^qiient 
rise  through  the  gravel  is  quite  similar.  The  bed  of  the  river, 
then,  is  the  soil  wliich  furnLshes  at  the  same  time  the  matrix  for 
the  young  salmon  and  trout,  and  the  secure  and  ample  supply 
of  food  for  the  young  of  both  species  of  fish.  The  great  variety 
and  quantity  of  these  insects,  together  with  the  depth  of  their 
situation,  {for  the  spade  which  took  up  the  ova  was  also  fidl  of 
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them,)  waii  truly  8ur|>risinj^.  and  to  me  inexplicable.  I  should 
presume  it  probable,  that  as  these  larvai  of  in^c  ( ts.  tin  such  they 
mostly  are,  rise  above  the  gravel  to  assunir  ir  u  forms,  tliey  offer 
ready  food  to  the  nouL  and  salmon  fry  of  all  si/es  which  may  l>e 
in  the  river ;  but  I  do  not  suppose  that  these  fishes  dig  under  tl^ 
gravd  in  search  of  food  at  any  time.  Of  the  ova,  taken  up  a 
mnnber  were  bfonight  to  town  witk  the  utmiiit  mie,  some  pre- 
served m  moss  and  aOieta  in  water.  The  joium^  occupied  about 
sk  hours,  and  bang  made  in  a  cairiag^  and  -all  poMiUe  eate 
taken  of  them,  it  is  difficult  to  assign  a  reason  ibr  the  dealJi  of, 
lliese  ova»  which  todt  place  without  excqitioni  iat  none'  of  them 
ever  became  developed.  Two  circumstances  might  affect  them : 
first,  the  a^tati<m  and  shaking  ;  and,  secondly,  thediange  in  the 
nature  of  the  water.  A  very  fine  collection  of  ova,  taken  from 
the  Kale,  and  sent  me  about  the  same  time  by  a  friend,  shared 
the  same  fate ;  they  were  brought  to  tovm  very  carefully,  but 
closely  packed  in  a  Inr^^^*  ])h'm\  in  water,  and  by  coach.  In  the 
mean  time,  thr  o^  .t  k  ft  in  a  house  situated  on  the  lianks  of  a 
river,  frouj  the  b(?d  oi  which  they  were  taken,  lived  and  Ik  came 
developed.  I  may  here  remark  the  following  very  singular  cir- 
cumstances. It  is  said  by  Sir  11.  D.wy,  on  the  authority  of  a 
person  of  the  name  of  J  acobi,  whose  writings  I  have  not  met  with, 
that  the  ova  of  salmon  are  deposited  in  the  gravel  of  riven  under 
streSBttS,  in  order  that  they  may  be  perfectly  aerated  or  eiposed 
to  water  which  is  so.  Tbk'  reason,  which  appears  so  plausibk^ 
is  probsbty  not  the  true  one.  Ova  taken  horn  the  bed  of  a 
river  at  any  tim^  firam  Januaiy  to  March  inclusive^  and  not 
shaken  or  csnied  fiur,  will  live  and  beeome  developed,  i  «.  graw 
to  fieh  of  about  an  indi  in  length,  in  a  small  gbtt  full  of  water, 
dlM^ftd  net  ^lener  ihan  cnee  a^wek.  They  become  developed 
early  or  late,  C«  tf*  varying  a  week  or  ten  days,  ac(K>rding  to  the 
temperature  of  the  room  in  which  they  are  placed.  They  will 
appear  ten  days  or  a  fiirtnight  soooer  if  placed  in  a  warn  room, 
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tJbaii  had  llu  \  i  ontinued  in  the  bed  of  the  river ;  and,  after  tuiving 
cast  the  slough,  will  hve  ahout  ten  days  (seldom  or  ever  longer) 
in  water  unchanged,  apparently  tliriving,  growing  and  darkening 
in  toloiix  (if  ex[K>stHl  to  the  light)  every  day.  But  they  have  not 
been  oUiervcd  to  cat  any  thing  offered  them,  and  they  invarial>ly 
die,  whether  the  water  be  changed  or  not,  after  attaining  the 
length  of  abmit  n  indi  and  a  quarter.  Tliat  they  live  and 
thrive  thaa  in  iinffhangediwfcter»  must  be  the  eflbctof  habit  We 
diaU  pratently  find  that  the  grown  smolt  cannot  do  and  that 
wiien  eonfined  it  quiddy  Ahem  and  dieg|  a  fict  of  the  nMNt 
«Bif!Xpflctcd  fliid  gKtfwyw^p^'yy  1p*^dt  p<^*ifetf y  ^niknffwn  to  wifi 
poevioiia  to  these  experiments  and  obeervations.  I  lequeet  it 
here  to  be  understood,  that  all  these  remarks  are  made  from  pero 
sonal  observation,  and  are  in  no  shape  founded  upon  heanay 
evidence^  even  of  the  most  respectable  kind. 

I  have  already  remarked,  that,  on  the  25th  March,  the  spawn- 
ing bed  was  again  reopened  before  us :  nearly  all  the  young  fish 
had  cast  the  outer  shell.  Now,  it  is  almost  certain  that  this  took 
place  two  days  before,  or  on  the  23d  March,  Thus  we  have  1 42 
day8  from  the  deposition  ot  these  ova  in  the  gravel-bed  by  the 
spawning  salmon,  or  exactly  twenty  weeks;  and  though  this 
period  may  vary  a  week  or  two,  it  will  require  much  stronger 
evidence  than  haaaa. yet  been  mibnutted  to  the  public^  to  indnoe 
me  to  believe  thai  thne  vaiiatiottt  ever  anumnt  to  any  tiling  very 
connderable.  Ova  depoaited,  aa  haa  been  nid,  upon  the  let 
April,  wodd  leqoire  to  be  developed  befoie  the  lat  June^  ainoe 

one.  has  ever  v«ituied  to  affirm  that  anudta  are  taken,  or 
were  ever  seen  in  rivers  afler  tJiat  tame.  Hypotheses  of  this  kind 
require  that  the  ova  of  the  salmon  pass  through,  in  eight  week^ 
those  changes  which,  under  the  usual  drcumstance^  require 
twenty  for  Ujeir  pexfecti<m ;  and  though  this  is  just  possible,  it  is 
any  thing  but  proved.  Wheat  sown  in  October  and  in  March 
will  ripen  about  the  aame  time;  but  when  I  am  told  that  salmon 
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may  clcposiit  their  ova  late  in  May,  and  that  these  may  he  de- 
velojH'd  in  a  few  days,  I  rtply,  that  all  the  elements  of"  a  i  iJiTCct 
observation  arc  wanting  to  render  the  sUiU  iuent  worthy  of  any 
notice.   It  is  true,  and  I  iiave  shewn  it  myself,  that  the  ova  may 
be  huiiied  on  by  artificiai  hea^  and  that  oonaequenUy  ihe  waimtli 
of  April  and  May  may  eflfect  the  aame  dianges  in  the  ova,  and 
bring  them  forward  equally  with  those  deposited  in  October  and 
November ;  but  stiU  this  must  have  its  limits^  and  the 
stances  undw  which  it  is  said  to  take  place  are  totaUy  unknown. 
Thou^  the  young  fish  have  cast  their  sloo^^  and,  in  the  ob- 
servations now  detailed,  had  done  80  on  the  28d  of  March,  all 
the  ova,  however,  in  the  bed  had  not  done  so,  but  by  far  the 
greater  numbers ;  so  tliat  for  one  ovum  found  entire,  there  were 
hundreds  which  had  quitted  tins  state,  and  assumctl  the  form  of 
fishes.    Of  the  Cry  which  hud  burst  the  bhcU  on  the  23d  Marclv- 
several  were  ivnioved  on  the  25th  March,  and  ])ut  into  a  common 
tumbler-glass  full  of  water,  whilst  sonie  w  ere  carried  to  town  in  a 
small  pliial.   Of  six  removed  in  this  way,  one  only  reached  town 
alive:  it  remained  hidkliy  and  hvely  for  five  days;  but,  so, 
so  soon  as  a  small  jiortion  of  bread  was  thrown  into  the  water 
sufficient  to  tinge  it,  the  fish  ahnost  instantly  expired.  Those 
left  in  a  house  near  the  river  fiom  whence .  they  were  taken, 
were  found,  on  die  Ist  April,  to  be  pofectly  healthy,  and  had 
grown  conaderably.  They  had  beoome  mudi  darker,  and  were 
about  an  inch  in  lengUi;  a  considerable  part  of  the  yolk  was 
StiU  external  to  the  abdomen :  the  water  had  scaroely  been 
changed,  and  it  would  seem  that  this  is  not  neoessafy ;  at  all 
events,  it  certainly  can  be  overdone,  not  only  as  regards  the 
ova,  but  the  very  young  fry  also.    It  ha.s  been  observed,  that 
whilst  confined  in  this  way  they  refuse  all  sorts  of  foml,  even  that 
on  which  we  arc  assured,  by  positive  and  personal  ol>'ii'rvation. 
they  ultimately  live,  after  they  have  !)een  some  time  at  large  in 
the  river,    i  r^et  that  I  did  not  make  the  ei^ieriment  myself^ 
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;so  as  to  enable  me  to  speak  positively  of  a  fact  of  the  most  singu- 
lar nature,  viz.  tJiat  they  should  refuse  all  food  whilst  in  a  state 
of  cxjofipement  I  am  induied  to  believe  that  tlus  is  the  case, 
and  tiiat  'tliiaiB  the  exact  statement  of  all  the  ohservatioiis  tiiat 
have  ever  been  made  upon  them, — ^that  when  removed  fium  the 
gravd-bed,  on  their  fint  bumtmg  the  shell,  they  are  someni^iftt 
less  than  an  inch  in  length,  with  the  yolk  of  the  ovum  veiy  larger 
and  in  the  nmal  ntoatioD^-^rlliat  they  remain  in  this  state  under 
the  gravel  about  ei^t  days  and  no  longer, — that  they  then  emerge 
ftom  the  gravel,  and  are  seen  then  for  a  short  time  to  haunt  the 
edges  of  tlie  river  in  shallow  places, — that  the  ova  will  becfune  de* 
veloped,  if  taken  from  the  gi  rivol  ami  })vit  in  water,  to  all  appear- 
ance as  well  as  if  they  had  hcvn  allowed  to  remain  under  the  gravel, 
and,  if  not  exposed  to  too  lugli  a  temperature,  will  pass  through 
the  same  changes,  in  all  probability,  in  the  same  period  of  time.  1 
do  not  believe,  however,  that  in  tlu-  latter  eircnmstaiKes  (i.  e.  in 
confinement)  their  life  can  l)e  prolonged  above  tm  days  from  the 
time  of  their  biu^ting  the  shell ;  at  least,  this  I  have  myself  put 
to  experiment,  and  all  {lersons  to  whom  I  have  spoken  on  the 
subject  agree  with  me.  In  aooordanoe  with  these  remarks,  it  was 
found,  that,  on  reopening  the  qpawning^bed  on  the  Ist  April,  ot 
in  about  o^t  days  from  the  time  of  the  bursting  of  the  sbeU,  by 
lar  the  greater  number  had  evidently  already  quitted  the  gmvel, 
so  that  only  a  very  few  remained;  in  fact,  there  was  not  one  for 
hundreds  whidi  existed  there  the  week  before.  These  had  at- 
tained the  same  length  as  the  ones  kept  in  the  house  during  the 
intcn  al,  but  the  latter  were  darker  in  colour,  in  all  probability 
from  the  exposiu-e  to  light.  Th<'  tomperatiirc  of  the  gravel-bed 
was  41"  at  9  o'clock  a.  m.,  that  of  tlie  water  about  two  degrees 
higher.  At  12  o'clock  the  temperatiu«  of  the  water  had  risen  to 
45**,  and  of  the  air  to  .Oo''.  The  temperature  of  the  gravel-beds 
during  winter  is  probably  ^(  Idoin  under  39°,  but  we  speak  from) 
rather  a  iiuuted  ol.>i>crvatxuu     to  tliis  matter. 
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Wewtrc  iiou  anxious  to  learn  if  the  fr}',  whilst  under  the  giavel^ 
or  bhoitly  atter  their  escape  from  it,  were  exposed  to  de8tructi0ii 
£com  the  trout  inhabiting  Uie  same  streams^ioraBmuch  as  vexy  bold 
aflHertk»K9  had  been  made  on  this  as  mill  as  on  moat  mattera  con* 
aected^tiitfaeliutorjrof  HieaalnuHi.  Aoooidingly,  on  ftlie  SSd 
and  Slit  of  Maid^  days  on  whidi  we  turn  seen  that  the  aahnoo- 
fty  in  the  state  of  fiflh  might  be  oonaidexed  expoied  to 
by  tanrat  burrowing  under  the  graved  finf  diat  puipose  befoie  the 
eso^  of  the  sahnon-fry,  or  when,  just  escaped  firam  the  fffKvi^ 
beds  in  afeeHe  and  helpless  state,  it  might  be  supposed,  «e  le- 
peat^  tfttfit  at  this  pBrticabr  time  it  would  be  foundf  that  trout 
fed  upon  these  young  salmon.  Now  this  most  aanuredly  is  not 
the  rase.  Abqut  three  doisen  trout  were  taken  on  eich  of  those 
days,  and  all  opened  purjwsely  to  ajscertain  the  fact,  but  their 
stomachs  were  uniformly  found  full  of  aquatic  insects,  and  in  no 
instance  could  the  siigiitcst  remains  of  the  salmon-fry  be  detected 
as  the  foixl  ol  the  trout.  It  is  needless  to  n  iiiMi  k,  that  troutsof 
various  sizes  were  opened,  lest  it  might  be  peculiar  to  trout  of  a 
certain  siae  to  attack  the  fry  in  that  condition. 

On  the  fSOth  April  1832,  these  rivers  were  fished  with  fly, 
and  weie  ibond  luU  of  lalmiwMimnltB,  varying  fiom  w  to  nine 
indies ;  snch  being  the  lapidily  of  their  giawthb  ftom  llie  1st 
to  the  dOth  April,  or  in  about  three  weeks.  They  were  in  tim 
finest  poanble  condition,  oorared  fritli  amaU  silveiy  sealer,  diflfar> 
mg  in  shape  (I  mean  the  scales)  fiaom  those  of  the  tmut  or  per. 
They  fieqnent  the  stQl  water  towanU  the  fiwt  of  pooK  and  feed 
exclusively  on  flies»  codrbait,  and  aqualaoinaoctfl^  dniing  the  ufaole 
period  of  their  residence  in  fiedi  watsi^  their  fiiod  d'^^^ng  in 
nothing  from  that  of  the  eonmion  trout 

It  is  ahnost  mmecesBary,  I  hope,  to  rmark,  that  the  stomadn 
of  the  fiy  were  examined  with  great  care  by  myself^  and  their 
contents  minutely  inspected.   They  have  not  been  obeenred  by 


Digitized  by  Google 


tie  Saimon,  Herring,  and  Vendaee.  461 

me  in  any  state  as  fiy  ill  the  stomadia  of  trout  or  kelts^  i  e*  of 

spawned  salrnou. 

They  arc  of  very  rapid  growth,  ininy  aiuiming  the  length  ot 
nine  inches  in  twenty-seven  clays,  sii])])(>sijig  that  I  am  correct  in 
the  exact  period  of  their  ap}x;unug  above  tlie  gravel;  but  during 
the  first  seven  days,  whilst  hving  on  the  yolk,  they  grow  very 
hide  :  thus,  in  twenty  days,  they  apparently  grow  from  one  inch 
to  nine  inches  in  length. 

When  diaacctod  they  are  uniformly  observed  to  be  healthy : 

and  oooaaknaUy,  Imt  reej  saaely,  I  preauine^  die  Ibboum  may  be 
aeen.0B  the  gUb;  but  they  am  unilfaniily  in  eaoeBent^oondition. 

.  They  nm  nfiidly  into  patraaoene^  and  diflbr  cntiziely  ten 
the  pen  and  common  trout  m  thb  napect,  ao  thai  it  ia  acaiioGly 

possible  to  mistake  them  for  eadi  other,  if  this  be  attended  to. 
The  form  of  the  spleen  in  the  par  difiiBia  ao  much  from  that  of 
the  riTer-trout,  and  amolt  and  full  grown  sahnon,  as  to  shew,  1 
think,  specific  ditoeacea;  but  itieaemblea  very  moch  that  of  the 
heriing. 

It  ought  to  be  remarked,  that  the  weather  had  been,  during 
the  whole  of  the  spring  season,  dry,  with  sunshine,  and  scarcely 
any  rain  had  fallen.  Oi'  the  smolts  taken  on  tlie  20th.  Slst,  and 
2Sd  April,  an  atLempt  was  made  to  preserve  souit  m  a  large  basin, 
in  which  tlie  water  taken  from  the  same  river  was  frequently  re- 
newed,— 'nevertheless  they  died  in  a  few  hoius,  aoud  this  todc 
place  even  though  iiephKied  in  an  iaolated  portion  of  the  river.  1^ 
aeemed,  indeed,  that  when  taken  with  the  fly,  however  gently 
Imted,  the  amolt  generaUy  died,  though  acaioely  nmoved  fiom 
the  river.  Th^  wiE  not  in  fiwt  bear  the  slightest  handling.  On 
the  Ibllowiiig-dBy  <8dd)  we  uaed  a  net,  avoldii^  aa  fiv  aa  could  be 
thepeaaibilil^of  iiiguringthem  in  any  way;  yetiheieaultwaathe 
same, — they  constantly  died  in  a  abort  time  after  being  touch^. 
We  are  filled  with  awpriae  when  we  read  of  amoiks  eaught  (it  ia 
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not  said  how,  hut  it  nmtters  not),  and  after  being,  according  to  all 
accounts,  ratl)t'r  rovighly  handled,  and  even  mutilated  by  the  am- 
putation of  a  fin,  replaced  in  water,  and  arriving  at  mature  years 
as  full  grown  sabnon;  we  are,  we  repeat,  lost  in  wonder  at 
the  amanng  ooiitfadictknifl  between  audi  obsemtkms  and  tluMe 
we  have  penonally  made,  observing  every  posnble  care.  We 
learned  at  this  time  that  an  attempt  had  beoi  made  some  years 
beibre»  to  lemove  sabnonHBmolts  from  these  rivns,  irith  a  view 
to  the  stocking  of  a  pond,  about  six  miles  from  the  banks  of  the 
river;  and  though  the  ample  fortune  of  the  noUe  proprietor 
enabled  him  to  make  the  experiment  on  an  extensive  scale,  by 
removing  smolts  considerably  grown,  in  large  buckets  of  fresh 
w.itrr.  niul  lliat  water  constantly  n'neurd,  t  arrietl  also  on  mens 
shoulders,  thiit  the  shock  sustanied  might  1h  lis  Utile  as  possible; 
the  r^ult  Mas,  as  we  have  every  reason  to  believe,  an  entire  fail- 
ure. It  possible^  however,  tl»at  localities  still  more  tavourable 
may  have  given  a  diflbrent  result  to  the  experiments  of  others. 

On  the  6th  May  1882,  the  same  rivets  me  again  fished. 
Smolts  still  abounded,  notwithstanding  oonsiderBble  rains  had  fil* 
len,  followed  by  a  high  flood  of  the  river ;  but  they  had  undoubt- 
edly descended  the  river  about  two  miles  and  half,  i.  e.  to  deeper 
water,  so  that  near  the  spawning  ground  few  or  none  were  to  be 
Ibund ;  whereas  trout,  not  however  in  good  condition,  abounded. 
These  smolta  were  generally  about  the  same  size  as  those  taken 
on  the  Ist  of  the  month,  and  I  doubt  not  belootged  to  a  later 
set. 

As  the  observations  now  detailetl  were  made  on  rivers  join- 
ing the  TAveed  from  the  north,  and  on  rivers  whose  eourse  was 
much  interrupted  by  wears  and  other  impe<iinients,  to  the  as- 
cent of  the  salmon  upwards,  ami  the  escape  of  the  fry  from  the 
tributary  streams  to  the  Tweed,  it  was  thought  right  to  change 
the  site  of  observation,  and  observe  for  a  ibw  days  the  state  of 
some  sahnon  stoeams  joinii^  Tweed  fioan  the  south.  Thm  was 
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done  betwetn  tlie  29th  April  and  4tli  May,  but  noilimg  was  ob- 
served conti  adiciory  of  the  remarks  aheady  niade.  In  the  Yar- 
row river,  wliich  we  Ikhed,  an  diliering  Iroui  those  already  ex- 
amined in  the  circumstances  of  arising  as  a  uniformly  large 
liver  ftoBk  t  lake  of  eaondeaitAe  magnitude,  a  few  anudts  were 
tsken  in  the  river  shorUy  after  its  quitting  the  lake.  The  &j 
was  mther  acaioe^  and  .  trout  still  more  so  s  the  fiy  were  scaioely 
the  aiae  of  those  taken  near,  the  aovotoes  <^  the  nortliem  atveanui 
finirteen  dajra  before.. 

In  the  streams  which  join  the-  Teviot,  and  more  especially 
the  Kale,  an  admirable  trouting  and  salmon  stream,  the  fiy 
abounded  to  a  very  great  extent,  and  were  ooUeeting.  in  miU-dam 
heads  preparatory  to  quitting  the  river. 

Previous  to  the  ^?d  May  tlie  fry  were  found  to  liave  quitted 
the  College  Water,  wliicli  rises  near  the  base  of  the  highest 
Cheviot ;  but  Iry  still  about  tlie  same  size,  /.  e.  from  seven  to  nine 
inches,  abounded  in  the  first  |K>oi  of  the  (ilen,  a  name  which  the 
College  Water  assumes  on  its  joining  the  licaumont.  This  pool 
was  formed  by  a  mUl-dam  head :  the  young  smelt  were  foui^  in 
4iiB  .dam>head  in  vast  abundance^  At  Homdiflfe  on  the  4th 
Mayr  the  Tweed  was  reported  to  abound  with  safanon  saolts  s 
but  we  merely  report  the  &ct  as  it  was  stated  to  us  by  the  fish- 
ermen. We  saw  none  taken  in  the  nets,  tbou^  our  observation 
as  to.'the  management  of  these  nets  foE  many  hours  was  minute 
and  careful.  Tlie  result  of  these  observations,  with  the  mode  of 
fishing  the  TAveed  by  coWe-nets,  (observations  to  me  unexpected, 
and  leading  to  the  most  important  results  in  an  economical  point 
of  viewj,  fall  to  be  considered,  more  prpperly.  under,  another  sec- 
tion. 

I  have  thus  described  the  generation  of  the  smolt  in  fresh 
water,  near  the  nource  of  a  tributaiy  stream  of  one  of  the  finest 
aahnon  rivci^  which  exists  in  Britain.  Of  llie  further  progress  of 
tbe  smolt  in  its  fffnt&i  fiom  its  extrenu^  Isag^  so  ft^  aa  I  have 
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obscrvetl,  of  nine  inches,  whilst  lVe(|uenting  the  upper  streams  of 
iresh  water  rivers,  until  itii  growth  in  the  i»ea  to  the  size  of  the 
grilse,  and  its  vetmn  agam  into  llie  fieili  waten,  wc  feally  know 
nothii^.  Many  exodUnt  observm  and  amongst  othen  my 
finend  Mr  Buiav,  oonrider  this  part  of  the  natural  Idstoiy  of  llie 
salnion  to  be  perlbcdy  made  out.  I  can  aBBUie  turn  diait  tbeie 
ia  not  a  single  aatheatie  oboemtuni  on  record  respecting  it 
Hie  atoriea  of  fin  cuttii^  notching,  marking  &c.  of  die  amol^ 
andtheretum  of  these  same  marked  fish  as  griW>  or  sahnon,  are, 
BO  &r  as  I  know,  beneath  all  criticism.  There  is  nothing  in  their 
history,  which  in  the  slightest  degree  merits  the  name  of  au- 
thi'titie  :  viml  wo  take  the  Uberty  of  re<|iiei>ting  the  specifil  atten- 
tion <j{'  ])r;ictical  fishermen  to  tliis  circumstance.  Having  de- 
scribt  d  tlu'  spawTiing  of  salmon  towards  the  sources  of  clear 
mdUDt.iui  streams,  many  mij2;ht  imagine  that,  a^jreoHble  to  7111/  opi- 
nion, they  can  spawn  no  wliere  eL>e.  Now,  ni  point  oi  fact,  I  en- 
tertain no  such  theory ;  but  having  no  proper  series  of  ofaeerva- 
tiona  to  proceed  on,  as  no  sodi  indeed  cxisiB  anywhere  to  my 
knowledge  I  cannot  say  to  vAat  extent  nhnon  may  qnwn  in 
bvadddi  wateri  or  within  the  reach  of  the  tide-way,  nor  what 
may  bectnne  of  the  ova  so  deposited.  On  thiB»  as  on  many  other 
points  in  the  natural  history  of  the  salmon,  we  require  not  gene- 
ral opimons,  founded  partially  or  altogether  on  hearsay  cr  con- 
jecture ;  but  a  "  journal  of  observations,"  conducted  by  a  person 
competent  to  the  task,  devoid  of  all  local  interest,  connected 
neither  with  river  or  coatit  proprietors,  a  person,  in  short,  whose 
sole  object  is  the  investigation  of  truth.  The  journal  of  an  indi- 
vidual of  this  knul  will  stand  the  test  of  the  investigation  of  such 
a  Committee  of  the  lloiusc  of  Commons,  ais  sat  during  the  years 
18S4  and  whose  questions  prove  them  competent  to  investi- 
gate and  judge ;  and  we  will  take  It  upon  us  to  say,  that  unless 
sudi  st^  are  taken,  no  other  kind  of  evidence  will  ever  stand 
the  teat  of  a  similar  Committee  in  any  future  attempt  whidi 
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may  be  made  to  l^isiate  on  this  important  and  national  ques- 
tion. 

MATURAI.  SHXMIES  OF  THE  SALMOV. 

We  have  examined  the  contents  of  the  stomach  of  trouts  of 
varying  wk^  caught  by  oimelveB  Id  stremns  and  zivero  inhabited 
by  the  fiy ;  and  of  the  many  opened  Ibr  thia  qiedal  purpose^  i»e 
have  never  finind  the  di^bitest  vestige  of  aahnon-fiy  oi;  amok  in 
theb  atomadiB.  We  have  taken  tnnit  tX  the  time  that  the  fry 
abounded  in  llie  river  in  itft  mailer  conditi(ni»  and  still  no  vea- 
l%e  <tf  fty  appeared  in  the  aloaiach  of  these  fishes.  That  trout 
devour  the  ova  of  their  own  species,  I  am  perfectly  aware ;  but 
to  get  at  the  sahnon  eggs,  trout  would  require  to  dig  up  the  grar- 
vel-bed :  now,  from  the  detail*;  already  given,  this  seems  to  me 
the  most  improbable  of  nil  tlnni^.  Trout  at  the  reason  when  frj- 
first  appear  in  the  stream,  do  iiot  seem  dis]insrd  to  take  minnow, 
orsmall  fishes  of  any  kind  ;  and  the  nitia/iiial\  r;i]ii({  iirowtli  of  the 
fry  renders  it  imjxissible  that  tliey  >»liould  serve  as  food  for  trout, 
at  least  for  any  length  of  time.  Tlu-ee  kelts  have  been  examined 
by  a  person  on  whom  I  could  entirely  depend.  Their  stomachs 
iveie  found  full  of  the  unial  food  of  trout,  that  is  beetles,  aqua, 
tic  insects  of  aU  kinds^  and  brv»  of  flies  or  codUt  Xow,  this 
was  when  the  fly  were  just  making  thebr  appearance  in  the  stream. 
During  winter,  when  the  i^wned  sahnon  are  in  the  rivers,  they 
do  not  seem  inclined  to  eat  any  thing;  and  trant  are  much  in  the 
same  eonditimi ;  and  though  it  be  true  that  sahnon  roe  is  con- 
sidered as  a  good  bait*»  both  for  salmon  and  trout,  yet  it  does 
not  follow,  that  they  themselves  are  enabled  to  obtain  it.  No 
statement,  therefore,  n^ts  \\\yor\  more  meagre  data  thaji  that  trout 
and  kelts  are  the  natural  enemies  either  of  the  ova  or  of  the  fry 
of  salmon. 


•  Dtotb^  know  it  ai  audi  r 
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Man  himself,  then,  is  the  greatest  enemy  of  the  uiuolt.  Some 
have  thou^t  tliat  by  floods  the  fords  or  shaUoira  oontaiiiing  the 
spawning  beds  may  be  entirely  lemoTed  or  oovered  with  a  new 
load  of  sand  and  stonesi  and  in  this  manner  thousands  of  ova  for 
ever  lost ;  but  thece  is  not  on  lecoid  any  ^opedy  authenticated 
iactof  thiskmd.  Sudden  dbnngei^  no  doubt,  do  take  place  in  tiie 
beds  of  rivers ;  but,  so  far  as  my  pononal  observation  extencls,  I 
foel  indined  to  say  tliat  these  are  not  very  common.  The  same 
strpams  and  pools  observed  many  years  ago,  1  find  in  most  in- 
stances to  exist ;  and  so  far  as  I  have  observed,  the  changes  which 
do  go  (>!i  in  the  hetls  of  rivers  are  rather  ^adual  than  sudden. 
Tl)('  inicii  ^t  of  the  neigliVn Hiring  proprietors  are  generally  hos- 
tile to  such  clianges,  and  usually  ojjpose  it  to  the  utmost  by 
breastworks,  &c.,  whether  the  ground  be  valuable  or  not,  Mr 
Fraskh,  a  practical  fishemiaii  of  great  experience,  lias  taken  no- 
tice of  the  kingViisher,  eels,  flound^  &c  as  being  natural  enO' 
mies  of  the  sahnon  fiy ;  but  it  is  easy  to  imdontand  that  nolliiiig 
of  all  this  n  proved,  and  indeed  every  day  these  natural  enemies 
are  reduced  the  investigation  some  naturalist  The 
floundw  for  instancy  does  not  seem  to  me  mudi  to  leave  the 
brackish  witer ;  and  it  has  not  been  any  where  proved  that  any 
of  the  salmon  species  breed  in  this  locdity. 

The  spawning  of  salmon  ceases,  I  should  think,  in  all  rivers 
in  or  abcnit  the  exA  of  February  *.   Eiqierienoed  fishers  have 


•  Thf  following  stBtemetit«,  derived  from  the  Evidence  brforedwCoixiiiiittee  of 

llu'  House  iif  Commons,  nrr  foiiiuled  on  (ok'ral)lc  evitlence : 

Wales  (Brecon). — "  Has  tsecn  many  spawn  in  the  middle  of  FebniAry,  never 
««  A  fitfa  spawn  in  Maich.** 

Cork  (I.<t  ) — "  Spawn  in  October  and  November." 

Cnunlief^  of  Cromarft/  and  Sutherland  (Sliiiin,  5cf  .) — '  Salinon  spawn  early  in 
the  moiitli  of  October,  all  the  breeding  iiKh  liavc  passed  up,  and  before  the  end  of 
Novenber  the  tpawnnqp  u  over.** 

Invemesn  (Beauly). — "  They  spawn  the  latter  end  of  October." 

Abcnhfn  (Doll  nnd  Dee). — "  They  have  all  done  spawning  by  the  I  St  February.'" 

Berxckk  (Tweed). — "  Salmon  spawn  in  January  and  February." 
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indeed  asserted  tliat  Imiidreds  ol  unspawned  lish  may  be  ibuiid 
in  the  end  of  March  and  beginning  of  April  in  the  Tweed  as  low 
as  Kelbo ;  I  imagine  that  they  are  iii  error.  Kelts  taken  in  April 
and  May  might  pass  for  unapainied  fish  with  sotne  to  whcnn  the 
anatomy  cf  the  oiigans  iras  not  fiuniliar.  I  have  takeiii  and  seen 
taken*  in  the  Tweed  at  dovenlbid,  ^nale  sahnon  on  the  S5th 
April,  and  have  known  them  taken  a  few  days  later  with  the  ova 
▼ery  h^hly  developed,  ao  that  they  mi^t  eanly  have  been  mis- 
taken for  unspawned  fish  :  they  were  merely  female  kelts  whidi 
had  ranained  long  in  .the  Tweed,  and  its  tributary  streams,  and 
were  <Mi  their  way  to  the  ocean.  Persons  not  fani  iliar  wkh  animal 
structure  may  very  readily  be  deceived  in  these  respects.  I 
reckon  their  testimony  ami  ol^scrvaf  imis  of  littlr  or  no  value. 
The  kelt  feeds  and  <n-()ws  nuich  stouter,  and  with  ihc  growth  of 
the  other  f>arls  llit*  roe  and  milt  agjiiii  begin  to  l)i  di  veloped. 
Many  saliiion  .>j)awn  early  in  October ;  now  it  has  not  been  pro- 
ved that  tliey  necessarily  hybcrnate  like  trout,  but  ratlier  return 
to  the  tide- way  with  the  first  floods.  Salmon  spawned  so  early, 
may  very  readily  recommence  their  migration  into  rivers  in  prime 
condition  with  the  first  fiood  of  January  and  Fefaniaiy.  Mine- 
over,  great  numbers  do  not  get  into  the  spawning  condition ;  but 
they  deteriorate  constantly  by  a  rendenoe  in  fiesh  water* 

During  the  months  of  March,  April,  and  May,  the  rivers 
abonnd  with  keU»  or  spawned  sahnon  descending  towards  the 
ocean,  and  smoHs  or  fity  pursuing  the  same  course.  The  mi- 
gration of  salmon  in  prime  condition  into  the  estuary,  and  a  short 
way  up  thi'  rivers,  continues,  and  become,  as  Mummer  advances, 
more  tirequent ;  but  I  will  not  readily  believe  that  many  of  these 
8idm<»i  woukl  early  in  the  season  push  high  up  the  rivers  so  as 


*  The  great  cause,  however,  of  the  deterioration  of  flu  salmon,  is  liis  JWnirfi- 
nation  to  feed  during  the  rapid  growth  of  the  organs*  of  generation.  A  iiarren  fish 
coming  into  frabowater  would  not,  io  all  likdihood,  fill  off  bo  nan  «■  die  fiih  about 
tofpami. 
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to  remain  there.  A  return  of  the  salmon  and  sainion-trout  caught 
by  a  series  of  stage-ucts,  or  even  by  the  coble-net,  in  that  part  of 
a  sahnon  river,  extending  from  the  point,  influenced  by  the 
highest  flood  of  tide  to  the  lomat  ebb^  cbanwterising  Hiofle  niun- 
bors  takai  during  flood  fiom  those  dufiiig  the  ehb^  would  settle 
the  above  and  many  other  points  s  but  the  CSommittee  of  the 
House  of  Conunons  found  it  impossibb  to  get  al  such  dsta ;  m 
mj  opinion  they  do  not  exist,  but  thdr  Tslne  wndd  be  very 
great.  Salmon  do  not  begin  to  ascend  livers  nnidi  beyond  the 
tide-way,  until  th^  commence  altering  in  conditi<XL  Heno^  it 
may  be  said  to  be  the  month  of  July  or  August  before  salmon 
in  any  numbers  ascend  the  rivers  beyond  the  tide-way,  their 
number  incrca«eH  in  August  and  September ;  the  causes  of  this, 
together  with  the  diuly  deteriorating  quality  of  the  fish  need  not 
be  statcfi.  As  a  rej)ly  to  all  doubts  on  this  pnm  ( .  it  may  be  affirmed, 
that  were  the  Twml  U»e  j>roi)erty  of  one  man,  he  would  fish  it 
from  Berwick  Bridge  to  the  sea  or  bar  of  the  river,  and  no  where 
eke.  Ami,  on  caiefully  observing  the  Tweed  fishings^  it  has 
often  filled  me  with  sstonishment  that  the  proprieton  in  a 
body  do  not  adopt  this  method.  The  saving  of  eq»endituie 
would  be  enoimou^  and  an  ^bctive  plan  for  preventiiig  the  de- 
struction of  salmon  at  impM)per  seasons  adopt^.  But  about  this 
time^  that  is  in  December,  January,  F<  l  n  uary,  and  Maidl,a  Jfew 
salmon  are  likewise  found  in  high  condition,  Mrith  the  organs  of 
generation  very-  little  developed.  Thesis  are  fish  which  had  either 
not  filt<T(  <l  into  tbe  spnvning  state  di!riTi<^  the  preceding  year,  a 
very  eommoii  occurrence,  as  we  shall  find,  as  well  with  salmon  as 
with  trout,  or  w  hich  had  sp;n\  iicil  very  early,  and  retiUTied  as  early 
to  the  ocean,  liave  recovered  their  good  condition,  and  n^iumed 
their  usual  migratory  habits  of  ascending  rivers,  and  that  to  a 
very  limited  extent,  during  floods. 

The  presence  of  these  in  the  riven  has  dbne  immense  injiuy 
to  the  sahnon  flsheries  of  Britun,  and  has  caused  the  loss  thou- 
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sands  of  unsjiawned  fish  The  river  Eden,  for  example,  is  said 
to  be  what  is  called  an  early  river,  and  the  river  Lee  at  Cork  is, 
or  was  lately,  fished  throughout  the  whole  year. 

1/AAK  Walton  observes,  "  that  as  there  is  no  general  rule 
without  an  exception,  ^  there  are  some  few  rivers  in  this  nation, 
tliat  have  trouts  and  aailiiKiiiB  in  season  in  winter,  as  it  is  certain 
that  ihexe  be  m  the  riTer  Wye  in  Monmouthshife^  where  they  be 
in  season,  as  Camhen  observes,  ftom  September  tiU  April**  To 
which  MtRbkiiib  adds  in  a  note:  In  the  river  Lee^whidinins 
into  the  sea  at  the  Cove  of  Cork,  sahnon  are  likewue  in  season 
the  whole  year  round,  as  I  can  myself  testify,  having  resided  at 
Cork  the  greater  part  of  a  year.  (Signed)  J.  R."  A  danger- 
ous error  is  conveyed  by  language  of  this  kind ;  the  tacksmen  of 
numerous  la]<es  and  rivers  in  Britain,  have  constantly  endeavoured 
to  shew  that  tlieir  particular  locahty  furnished  clean  salmon  all 
the  year  round.  The  object  ol'  this  was  to  get  permission  of  the 
Legislature  to  fisli  lliese  l<K'alities,  and  to  sell  their  fish,  and  thus 
to  conuiiand  a  kind  of  monopoly  of  the  market,  calculating  that 
with  the  few  bound  salmon,  which  we  presume  may  be  found  in 
and  about  the  moudu  of  most  rivers,  or  as  high  as  the  tide-way, 
throt^hottt  the  year,  to  have  it  in  ibsax  power,  in  the  first  places 
to  obtain  a  high  price  ibr  a  comparatively  rare  artidc^  andat  the 
same  time  to  introduce^  by  means  of  kippering  and  pidding^  &C4 
a  vast  quanttly  of  unwholesome  Ibod,  wlucli  they  of  necesnly 
take  aloi^  with  the  few  sound  fidb.  The  fatal  error,  I  rqieat,  is, 
that  in  finding  sound  sahnon  in  the  mmUA  of  a  river  throughout 
the  year,  the  observer  merely  takes  note  of  this  fact,  without  at 
all  considering  the  mischief  done  by  the  taking  of  unspawned  or 
foul  fishes  along  with  them  :  all  the  elements  of  a  correct  olwer- 
vation  are  thus  wanting,  or  at  least  of  one  which  may  be  prac- 
tically useful.  The  first  object  in  a  ciuestion  of  this  kind  on  tlie 
part  of  the  Legislature,  being  not  the  taking  of  a  few  sound  fi.sh 
during  the  winter  and  spring  months,  for  the  gratification  of  the 
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appetite  of  a  London  epicure,  but  in  what  way  the  fisliiag  caii 
]ye  conducted  witli  least  detriment  to  the  public  in  general  ?  It 
is  not  pretended  to  be  denied  here  but  that  tlie  spring  fishings 
are  very  valuable  to  those  who  possess  them ;  and,  in  order  to 
avoid  any  mmecMaaiy  abmi  on  theiv  part,  a  mode  of  taking 
these  Boiuid  fiali  without  detriment  to  the  puhlie  wiU  be  shewn 
under  its  proper  sedara. 
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APPENDIX  A. 
1.  Pmod^S^Mmb^  mi  UM^fmudMntm  Sakmm  at  PmA 

Tm  "™l  period  for  A»  epewniiif  of  lafatteB,  Ihm  been  eattblMed  on  prettjr  deer 
evidence.  The  month  of  November  Meomn  to  be  the  month  ia  which  the  greater  number 
(•pawn  ,  hnt  it  mav  also  >»•  admitted,  fliat  throughout  the  greater  part  of  October  and  De- 
cember, tbic  proceM  is  going  ou  in  all  lalmon  rivers.  It  were  a  matter  of  great  mo- 
miit  wgnaMf  to  die  taMing  legnlations  respeetillg  feace-time,  that  the  precife  pe- 
riod when  the  procca  rmnmrircc!!.  nn<\  when  it  cea^ea,  were  fuUy  detiTfuinwl,  and  put 
by  intuitive  evidence  beyond  the  reach  of  doubt^  aod  the  coiyeUium  of  intereated  per- 
•om.  To  detennine  tbe  period  when  tke  fraeter  mnobcr  ef  lA  in  nlneii  riven  dieil 
have  ceased  wpawning,  for  if  it  really  be  at  may  be  suitpected,  that  those  which  are 
said  to  spawn  in  January,  February,  Marck,  end  even  oo  lete  as  the  6th  of  April,  Im 
foir  in  number,  then  though  the  faa  be  m  intaeilfay  «M  in  soology,  it  beeomee 
importtnt  in  » legidalive  view.  Were  it  even  pevnif  ulich  it  has  by  no  meant  been, 
that  fith  di)  Hpawn  «o  late  at  April,  it  does  not  at  all  follow  that  tlio  ova  should  come 
to  Biatnrity.  There  mu»t  be  some  limit  to  this.  Jn  a  natural  state  they  seem  to  re* 
qnlie  twenty  weeks,  this  being  at  I  bave  ebewn  the  nmil  period  Ibey  lie  imbedded 
nadertbe  grnrd;  end  Itlenot  t*be  believed,  except  on  the  most  unquestionable  autho- 
rity, that  the  snlmon  egg  can  pass  through]  the  same  stage*  in  a  few  days,  requiring, 
under  other  circumstances,  and  those  the  oonnal  or  ntnal  phenomena,  twenty  weeks  for 
itadevelopaient.  A  negadve  proof,  but  en  important  one  with  regard  to  thia,  iecoaaert- 
«d  with  tlio  fact,  that  s;>lmon  tmoltt  of  the  tisual  si«e  when  takt>ii  l»y  angllnir  nr.-  ^mrw- 
ly  if  ever  seen  after  the  monih  of  May.  My  friend  Mr  >V  ,  a  most  succeteful  an- 
gler, infomed  me  dint  he  bad  eeen  tbemenene  er  twooecarionein  June  in  die  Tweed 
H  hif  b  np  ae  Kelaoi  bnt  the  season  had  been  remarkaUe  for  drragbt,  and  these  smelta 
had  acqiiirf?d  »n  nnnsnni  tizo  and  weight,  being  in  some  Initancea  ten  iaebee  to  n  foot 
in  length,  and  many  of  them  nearly  one  poond  in  weight. 

A*  aalmon  appraaoh  the  qMwnlnf  oonditiea,  thejr  are  nndentood  by  nuiat  edwated 
pinons  to  be  unwholesome  n-i  food  for  man.  The  samp  objection  lies  to  the  iKe  of  the 
Velt,  i.  e.  the  salmon  after  having  spawned.  As  both  these  poaitions  are  universally 
denied  by  the  peasantry  and  tower  eedoM  of  eoeie^*;  the  niman  are  danghfeeead 


•  <•  You  may  get  people  to  iHijmytUnglf  7«n  adllt  dMapaaou^*  Ur  J.  Jonnannm'a 

Kviilcm-t-,  p.  &3.    Everything  I  have  observed  with  regard  to  tlienmef  nHwhrimiBMI  ftei  Wqwglt 
the  lower  orders,  tends  to  coniina  Mr  Jouvstokk's  ojdnian. 
W10iMteHmtotkbaela^itm/baMigiHldl,tbittfae  pIdiBm  and  kii  ixmigaf  tatniM  hf 
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neariy  to  «xt«nniuation  on  tbo  qwwning  ground,  and  the  fish  used  as  an  article  of 
Ibod  dnuMt  tudnsmally.  So  Rctir*  u  this  feareh  tar  dM  Rpawdnp^  fi«b,  anil  m  efleuiit 

the  mcanii  and  iii«truinenti  of  dostnictioii,  that  It  ii|i|)('ui>  to  nie  incNdible  that  any 
»botild  escape.  Nevertheless  hy  sccrctiog  themselres  with  infinite  rar^,  aided  l>y  tlie 
muddy  state  of  the  streams  in  winter, — by  the  inclemency  of  the  season,  interfering  a 
good  deal  with  the  kogiiig  «rf  poaahen  and  idle  persons  on  tho  httiks,  the  tnuUer 
kiiidii  of  tln'iii  do  escape  in  consIilfraWf  numbers,  and  the  bnnlv'*  t*f  a  vitj-  r<iiisideraljle 
number  of  the  tributary  streams  of  great  salmon  rivcrH,  being  in  nmny  instances  nov 
BM1I7  iiniili«bH«d,  even  a  ftir  Uurge  fish  meeeed  in  depositing  their  spawn ;  Imt  rMp« 
paving  in  the  stroui  in  ipring  as  kclts  i>r  ttpi'Mi  fish,  tbey  are  once  more  pnrsoed,  and 
are  again  taken  to  extermination  if  jK>*.4iliI. .  Thoir  condition  during  the  winter  m 
rteerc  must  be  viewed  aa  a  state  almost  appruiictiiug  to  hybernation.  Tbey  lie  nearly 
aladinsry  tut  wmIh  wliwi  they  find  tiin  pbon  girm  Mcaritf.  Tbey  noAtaff,  w 
Aat  their  condition  seems  to  me  to  approach  closely  the  state  of  hybernation.  Our 
personal  experience  with  regard  to  the  feeding  of  the  kelt,  is  certainly  not  extensiTe ; 
but  when  the  melting  of  the  snow  and  ^ring  rains  swell  the  rivers,  he  seems  to  begiit 
to  iBom  atewt^  md  tdnt  ilto  <bod  «A  that  Mate    be  Jbond  la  riv 

may  feinl  very  i»ctiv«>ly  on  lii?  journey  to  thp  ocean.  Tlii'  only  .ulmisfihle  |iro(>f  of  tliii, 
vix,  the  inspection  of  the  contents  of  the  stomach  of  the  kelt  under  a  variety  of  circnin- 
■iMMi  by  a  competent  person,  in  wanting.  Tha  obavfaiku  ihflald  dlniliiilMla  Aa 
true  tabaoa  Aom  tha  nlmon'troiit,  Ae. 

2.  Htfbematimi  of  Trout. 

Mv  attention  to  tliis  probable  hybernation  of  the  trout  during  tlie  winter  months,  was 
first  called  by  my  friend  &Ir  A*  DAfuoNa,  and  afterwards  by  Mr  Walker.  Mr  Dabuho, 
ta  irihoB  my  obGgalkns  duimgbont  tins  Iwtniry  bava  been  verygwal,  mwriaiiad  ta  ma 
that  in  clearinpr  out  Miine  driuns  and  ucU  Iiead:*,  coannuniciiiing  witli  tlic  running  slri'uiu 
«S  the  rirar,  and  during  which  operation  the  workmen  had  to  cut  down  not  only  the 
baak  of  tba  drain  campowd  «f  loft  nrad,  bat  aba  to  into  the  gravelly  and  naddy 
bed  of  the  drain  itMl^  they  found  imbedded  in  the  soA  materials,  I  have  jntt  men- 
tioned, vast  number?  of  trout  r  f  vnnons  siites,  showing  littlo  signs  of  life,  nnfil  ptit  into 
the  str«UD.  Farts  of  them  »ectucd  as  if  frozen.  This  fact  was  observed  by  a  num« 
bar  af  pertam  aftan,  and  ceo  be  repeated.  TUibabltnay  baaunfinad  to  theapawn- 
bg  fish,  which  I  have  found  by  no  means  includes  all  the  trout,  wbctiier  fauga  or 
small,  in  a  river.  I  shall  here  insert  a  short  extract  from  my  journal  of  observations, 
which  will  beat  explain  to  the  naturalist  my  meaning :— ^"  Of  fifteen  trout,  varying 
6vaa  9  to  14  iBdiea,  talcen  «n  SSd  S«<ptember,  by  a  net,  in  tbe  Annan,  at  Hallbeath, 
and  after  n  lonnf  roiirsc  of  dry  weathci-,  ilicre  were  efcren  of  the  lai^:t»>it,  in  whom  the 
organs  of  tri'mTution  Imd  iinder^nn-  nu  inrretwo  whatever;  «o  that  it  was  quite  evi- 


impioper  p«nun>,  U  a  subject  well  worthy  the  inrestifption  ot  tiie  iiCgialature ;  as  this  is  tbe  only 
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dent  that  tliCM  fish  would  iiot  luive  tpawned  during  the  present  year.  The  otbor 
ftov  had  tin  milt  and  roe  rary  larg«.   In  the  males,  ht  wMdi  tha  »!U  waa  a  mere 

vpc)i4'I,  the  lowpr  jaw  had  not  tindi'rjroiii'  any  oliaiifrc.  TIi(»  trout  wa«  thin,  hut  in 
good  condttiim.  The  flesh  of  a  pink  colour.*'  On  the  other  band,  my  friend  Mr 
Walkhi,  willwat  beiiif  Mqwinted  wMi  <h«  cimmMtaiim  made  lm«wa  to  me  by 
Mr  OAiaoia,  and  in  a  totally  different  localitr,  iia>iitionc'J  to  nic,  HmX,  in  tt* 
moring  «onie  of  the  rrtr^  of  the  snliiir)n  from  the  bed  of  the  Kale,  the  per«nn  fm- 
ployed  turned  up  with  a  spade  from  the  bed  of  the  river,  and  at  the  depth  of  {"i  to  14 
«BdevmI8iMlM%aoQaM«idUaunilwrortrairtafwim  TImmt  lay  inlwddad 
in  the  jjrnvcl,  |>lae«d  below  a  running  ttream.  They  neinnvl  at  first  dull  atnl  lonfnscd, 
bat  in  a  little  time  swam  away  into  the  itnam  and  diaappeared,  and,  at  &lr  Wauuib 
thought,  again  IrarUd  AmmmIwi  Miidar  tke  gravaL  Tkaoa  fadi  aNm  to  go  Ibr  to  «k< 
plain  the  vast  diminatiott  in  amnbar  ttf  tront  and  other  fishes  in  rivers  daring  winter. 

I  hare  known  :tn  infttniree  nf  at  least  150  snlmon  remaining  in  and  about  tho  notiroM 
of  some  very  small  streams  and  pools,  in  so  narrow  and  contracted  and  ei^osed  situa* 
IMU,  that  bad  tlwy  mit  been  ektrenidy  well  eeneetledt  tliay  ooald  WM  haw  aaoapad 
the  surrounding  peasantry.  So  soon  as  the  spring  advances  somewhat,  those  salmon 
which,  during  a  season  of  almost  unexampled  drought,  had  ramiuned  securely  concealed 
ta  these  paltry  rivulets,  having  appeared  in  the  principal  duumelt  of  tbe  rindeta,  were 
immadiatoly  diaoavanM^  forraed,  and  taken ;  maay  of  tbem  mint,  I  tfctaik,  bave  baaii  em* 
cealed  amongst  the  mud  and  gravel.  Of  trnut*.  it  iinHt  he  knoTrn  to  every  angler  that 
dating  apringi  after  each  fresh  or  flood,  great  numbers  appear  in  the  stream  in  ill  con> 
dttiiOB;  tboM  CMM  ftoB  tlwir  placaa  of  conoealBeat,  a»  I  bav*  dcaeribed.  ■ 

8.  Es^fmumttttipetHMff  A*  OmaA  of  tie  Salmon  Ova,  Smoltz  and  Gmm  Satmom. 

There  are  two  questions  which  persons  of  sound  jndgment  and  of  great  ei^eri* 
enoe  with  regard  to  the  salmoo  queadon,  atUi  think  undecided,  or  at  the  leaat  admit' 
tiag  of  fluther  iUnatratUm,  or  of  demanffing  a  mon  «xtended  (iroof.  Tlie  flrat  of  tbeoe 
laaioriesaf  OEpatiniants  required  to  determine  the  growth  of  rinlmon-fry,  from  the 
atate  of  the  egg  to  it*  sttaiulnp  tlio  Jcnpth  of  6,  7,  8  or  9  inches,  before  ri  'iirli  it  h  spI- 
dom  seen  by  the  angler,  and  after  which  it  ceases  to  be  found  in  fre^b  water  riven ; 
Meondijf,  a  aooond  nriea  of  olmrratkm  i»  nqnirod  to  pravo  Aait  ^  fidi  we  cdl 
•alilion-fry,  takon  in  aalmon  rivers  so  readily  by  angling  darinf  tbe  moodli  of  Afril 
and  May,  do  really  proceed  to  tbe  ocean,  to  return  to  tho  rivers,  after  a  period,  ax  griltt, 
stUtnon'trmU,  and  taitnou.  With  reference  to  the  ^st,  1  would  observe,  that  the  series 
ofobaetvationaooaMJnedintlietoirt,  ifriDbefMBd,  lAea  eudidlf  «^ 
decido  tbe  question.  It  is  true  thnt  Mr  Bt  i'^T  of  Perth,  the  most  experienced  of  all 
those  writers  1  have  met  with  in  regard  to  BaUaoa  and  their  fisheries,  and  the  best 
qoaliled  to  judge  of  tboM  toatton,  Kill  baa  donbto  on  <Ut  point;  and  it  ia  easy  for  any 
person  viewing  tbe  qaoatioa  in  Ao  tame  philoHO|>liic  and  accurate  manner  In  ^vhich  Mr 
Bnist  does,  to  perceive,  as  ho  has  done,  that  tlic  pruof  by  intnitivo  evidence  is  wanting,  a 
deficiency  which  no  aeries  of  dkjointed  observations,  however  well  conducted,  can  en* 
tlMlroimipeaarte.  AniifaaUaayODtUipajntiib  tbat»oni«ffimf  tbelonlitf  uid 
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dMuiutaaew  wiid«r  wbidi  my  obteiTaliMf  ww»  mdt^  I  lwf»  «v«ry  rmum  ta  tlinUc 

the  ronrlus'ujus  li'<^iiini.iri'.  Tlic  liroad  and  deep  itreaniH  of  the  Tay  near  Perth,  do 
not  teem  to  me  favourable  for  experimenta  of  this  kind,  and,  by  their  very  «xtMit  of 
witan,  widens  tb*  fMaCioo*  randeriiig  H  ti  ttamnt  erery  nMii«iit  mora  and  man  eon- 
plu.  On  the  other  lUMd»  dift  naifVW  »treant  in  which  niy  nljsi-rvationa  were  made,  pro- 
portionally, as  it  were,  oontrarted  thp  qiit^tion.  nnj  liruujilu  it  more  within  my  reach. 
Still  it  ia  true  that  no  one  has  Kuccecded  in  oW-rvitig  the  development  of  the  egg,  and 
ths  givwdi  «f  tb«  mwl^  to  the lo^gdi of  6  «r  7  iaelwe;  «r,  ia  odwr  «ord%  protug, by 
a  direct  experiment,  performed  in  vecseht  placed  under  thtrir  immediate  obnerration,  that 
the  fiKhco  aboimding  in  mlmon  riTersi  dining  the  montlw  of  Api4l  and  May,  aro  raally 
MliDon-auxtltM,  and  prooa«d  fiwn  die  ora  or  aalnion-«gg;»  dopoaitad  aider  ilw  giwvel  «f 
these  ritrera  during  the  preieding  winter. 

The  Necond  ({iiHstidii  of  diffirtilt  solution  i*  that  regarding  the  return  of  the  fry  from 
the  ocean  to  the  lalmon  river,  and  in  what  form,  and  at  what  period,  the  admuu  does 
Itnt  returtt  fron  the  aeat  I  have  already  ranwrbed,  Ibal  wgm.  tUa  qaaatiian  th«m  ia  not 
•  aingto  andMotia  nbierfatkn. 

4.  Alteratiwi  of  lite  Ntdwre  oj'  Hivers  6y  Ihatnagt* 

Tub  system  of  drainage  ptactised  otrer  the  Cheviot  and  Laramermuir  monnlain 
tracts  is  very  ezten^T^  and  mast  have  conaideiraUy  moffiSed  die  natore  of  die  rims 

oaiinectcil  thi  rt'with  ;  but  wbedier  tliis  really  influence*  the  de{io«ition  of  the  salmon  ova 
may  he  questioned:  for  it  \*  worthy  of  rcniLirk,  that  at  tlie  period  of  the  year  when  the 
salmon  is  Initiest  in  the  propagation  of  its  sjKicies,  the  riven  and  tributary  streams  are 
generdly  in  their  very  amalleat  coaditiont  and  henoe^  and  also  fhr  odtar  canaaa,  it  mnist, 
I  think,  generally  fiLiiipcn,  tluit  tlir  ^alinoii  si  Ti-i  f,  nlmn«t  in  an  unerring  manner,  the 
never-failing  stream  iwder  which  they  deposit  the  c^.  All  that  has  been  said  by  in- 
genious persons  abont  the  destrnetioB  of  salnon  ova,  ia  oonseqaenoe  of  the  drying  up 
of  streams,  is  very  pUusible  and  ingeuiouM,  but  without  foundation  in  positive  pecsooal 
o'«i'rv:ition.  The  <lifri'ri'ni.'e  l>pt%r<»cn  Iiig^cnious  conjectures  of  this  kind,  am)  n--uhs 
of  ptirMoual  positive  research  by  correct  and  authentic  observers,  is  but  little  uiideft>tood 
by  many  peraOM^  wb«v  nevertheieBa,  ddnlc  tolcnbly  well  i^oo  ordinary  topieK.  Thn« 
persotu  seem  iucapahlo  of  that  cav  tn' m  ntnt  procc>^  wUdi  nH|giw  m  ID  go  bank  and 
inquire  into  tlie  sources  of  ow  iutbriuuUun  and  opinions. 

The  MipiMMcd  abundanee  of  aafanoa  ia  Ibnnar  timaa  and  tboir  aappoaed  sMwity  now, 

seems  to  me  «  mi^tiikc. 

Isl^  An  occasional  scarcily  of  salmon  proves  notliing ;  nor  even  a  leiigtheut.>d  44:ar«tty. 
In  the  vaat  watera  of  die  ColnnWa,  there  ia  said  to  be  a  atMnity  every  sooeBd  year  *, 
of  a  fish  much  resembling  the  salmon  both  in  habit  and  quality  as  food.  But  tlto  un- 
due fishing  or  poaching  of  tlie  tributary  streams  of  the  Columbia  the  takiag  of  smoits 
in  too  great  quantities,  tlw  evili  oecMianad  by  milt-droa  and  tanaflMtorieai  the  in< 
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flueiuse  of  itak^nets  againit  "  tite  ititeresu  of  the         JMriton  "  of  fialiings,  cuuiot 
«T«n  b«  imagined,  in  recpeet  to  the  OolnmlHa,  hj  tlw  nMWt  fimtaatic  amid. 

Sdly,  When  Buhnon  lihoitniled  in  the  remote  di«trict«  of  Scotland  and  Irclind  1M  an 
article  of  food,  tlif  value  of  tlie  London  market  had  not  been  discovered,  or,  if  known, 
amiid  not  be  reached ;  steam  conveyance  and  the  use  of  ice  were  unknown ;  the  accu- 
nnkUon  «f  irgddi  in  London*  and  in  tlw  onpim  gvnorallj;  vnl  inereon  to  onr 
population,  did  not  exist.  The  use  of  grouse  and  reni«on,  and  claret,  as  arUdet  of  food, 
were  perhaps  once  as  familiar  to  the  lower  as  to  the  wealthier  orders  of  society  ;  nor  i« 
it  imagined  that  these  articles  of  food  and  drink  iuve  ]>ecome  scarcer,  though  they  b« 
now  fartordlAtcd  to  tbo  poorer  dsMM.  A>irilhliM(M»wUiti»iritbnlmn;lliowlid« 
state  of  «o<Mi'ty  t'liun«-e*l  within  twenty  year?,  and  sripnro  has  altered  every  thing. 
To  suppose  that  salmon,  whose  breeding  ground  is  to  a  certain  degree  limited,  and  much 
interiimd  with  utifieially,  eonld  be  BUido  M  ineieeie  iodefiuitely,  ie  it  leeat  •  rtnage 
anppoaitiOB ;  and  to  imagine  that  a  much  prised  article  of  food  wliich  thirty  years  ago 
conid  not  hare  been  forn  ardeJ  to  %hc  g^reat  national  market  London,  during  a  great  part 
of  the  year,  without  running  almost  a^rtaiu  risk  of  spoiling,  should  now  be  brought 
into  tlw  toMllM-  end  iefirior  nailceiii  end  aoU  U  •  price  taited  to  the  mmm  of  the 
mass  of  the  inhabitants  «f  nsall  tom%  it  qnito  nnnBMnable»  «nd  wlttt  wIB  auuredlf 
never  agehi  liappeD. 

In  a  word,  tko  Ihnaer,  and  Ao  (nliaUtanta  on  tli«  tealES  of  iben  gmenStjt  in  fny 
ner  times  csiigkt^  M  Ihejr  in  fact  still  do,  towur<L»  iho  doae  of  tlie  TOar,  an  enonnona  ' 
quantity  of  unspawned  fish,  which  they  kijiin'red  iintt  preparrd  in  n  variety  of  iray«. 
By  taking  the  kella  in  the  spring  they  added  to  this  stock  of  unnatural,  and  no  doubt 
meet  nowMoMBMi,  food,  on  which  they  fed  their  lahonreia  and  apprentloH  Aroi(|^wnt 
the  year. 

It  seems  to  me  an  a^reeoUo  deinsion,  bnt  still  a  delusion,  that  as  salmon  were  once 
•o  almndant  as  to  be  used  ta  an  artide  of  food  by  the  peasantry  and  poorer  orders  of - 
socnely,  so,  by  wise  regulations,  this  state  of  matteri«  may  return  only,  I  should  suppose, 
with  the  loM  of  all  th«>  liglii^  inu\  knowledge  of  ciriliaed  life  acquired  in  tfie  interval. 
At  tluit  time,  the  voyage  from  .Scotland  to  London  averaged  three  weeks  or  a  mouth ; 
now  It  ia  aeoomplithed  la  forty-eight  lionn.  What  eonreye  men,  will  oany  aalmon  to 
narket.  Ice  packing  has  been  in  use  only  within  these  few  years ;  and  extensive  pidtling 
on  the  spot  where  the  fish  are  tAken,  has  become  quite  common.  The  persons  who 
raaiutain  the  delusioa  I  speak  of  must  have  forgotten  all  this ;  salmon  is  fut  becomiiig 
n  pnt  of  the  gUM  of  the  land,  and  bwa  liar  lit  ptoteotion  m  gnae  wffl  prohaUy  aoon 
ho  enlbiMiedi 

ft.  Otmnmlwm  to  ddenmbm  Oe  Gm^mmlhm  AimaUatm  tfSm  md  JKmt  Sahum  FiO- 

inffs. —  77ie  rights  of  Proprietorthip  in  Salmon,  and  to  whom  mituraUy  that  right  be- 
lotifft. — An  attempt  to  thaw  the  exact  Limit  a  Bivtr  FtMkmg,  eaicviated  wiA  a  view  kt 
Ae  praenxUimi  if  the  Salmon,  and  the  intavil  mat  imfy  ^Ike  Pnprie$an    ikm  FM' 

tmii^ifaMaltkmftmaMModt^FMbvmeittfAM  Saimm  Rim»  in  SuAKd. 

TiiH  extended  section  haa  been  omitted  at  the  request  of  several  members  of  the 
Aojral  SoGtety,  who  haro  laiggeatfld  that  ito  vaat  importanoe  renders  it  m  fit  aoigect  to 
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beaddrMMdtotheiSglikiMl  Society  «r  fleodiiad,  «r  to  «be  LapdHnm,  ndwr  thn 

to  a  wciety  wlio?e  ulijoLtH  arc  purely  scientific  8n<l  literary. 

Tke  only  oWrvation  that  u  tlwogbt  neceoiary  to  iotroduco  here  U.  UuU  the  anthor 
of  time  papen  trusts,  that  «raf]r  oM  ■dequat«]7  inftmwl  u  to  Uie  miaro  of  aiiliwiii 
fliUllg,  will  a^cfl  with  him  in  tK|t«lri«nir  the  meanino  adapted  by  Purliament,  at  the 
suggestion  of  Mr  Ilnjin  Dni-MMOXD,  with  reference  to  tlio  i.f  .ik  > m  t  fit.lipri)>s  ' 
moat  prudent  and  cautioui,  and  thiU  whilat  moat  of  the  great  ^uettioiM  remained  lut- 
aottM,  md  hhwo  oqjMdoDy  atnoe  non*  waa  fbmd  Umnglioat  A«ir  noM  omtoidoil 
"  liupiii  y,"  who  could  offer  a  rationid  conjecture  (founded  on  facts),  permmaUy  known 
aod  ujider»tood{  {At  remit  ef  poiitice  rwmmeh  bga  aui^clutt  natmvlitt  and pkiftiologi$t), 
la  to  di0  food  of  tlio  aalmoii,  IIb  AatjM  wUiil  to  oo—,  iDd  ill  fiMiding  grronndt  it 
vonldlMvelwaniinpnidcnt  totkk  extenure  experimeflts  oo  the  I^ing  law*. 

7.  Opbriaiu  tf  Andkianf  iultuihff  the  En(f,-na-  anff  Report  Ma  dte  pari  ^  At  CmmiUit 

(tfthe  Home  of  '  Commom. 

Thc  lateft  opinion  worthy  of  any  noUco  with  which  I  am  acquuntod,  ia  that  of  Fro* 
ftflaov  RBWia^  Vtafeaaor  ^  Zoology,  King's  College,  London ;  and  oomaiaed  in  s  mv 
odilionof  the  Complete  Angler  of  Izaak  Walton,  pnblivhed  Aagust  1833. 

Walton,  in  speakinfr  r»f  tlic  Fordiilgo  trout  taken  in  Kent  near  Canterbury,  says, 
"  It  is  acttounted  tbo  rarest  of  tish,  many  of  theoi  ooar  the  bi^ess  of  the  Milmon,  bat 
known  by  thdr  diffarent  eoUnur,  and  in  their  beat  aeoaoo  they  etit  Twy  wUt«,  and  now 
of  tliottO  have  been  known  to  be  caught  by  tho  aii^U\  unless  it  were  one  that  wa»  raught 
by  Sir  Gkokbe  Ha^tixos,  an  excelleut  angler,  and  now  with  God,  and  ho  hath  told  me 
ho  thought  that  titis  one  bit  not  Ibr  hiuiger,  bnt  wantonness,  and  it  is  rather  to  be  be- 
lieved, boeanae  both  he  then  end  aHuy  odNKS  before  ham  have  been  eurione  to  aeeieb 
into  thf-ir  Wlies  what  the  food  was  liv  wliit-h  lli'".-  livi  'l,  uml  li;ivc  f  mhh!  out  nothing 
by  which  they  niiglit  satisfy  their  curiosity."  To  Mr  Renm£  uppc'uds  the  foUow> 
n^Botet  *•  The  earn  ia  true  of  the  ednon,  whMb  hat  hotw  any  thing  boaidM  ■  yellow 
And  in  hit  rtoawefa  when  cangbt.  Tic  same  is  also  true  of  the  herring." 

This  opinion  must  be  quite  peenUar  to  Professor  REKKtE.  I  know  of  no  author  in 
which  such  a  fiust  la  mentiasiedt  nor  have  I  ever  seen  any  thing  of  the  kind  myself.  I 
mean  the  yellow  And  epohea  of  by  Mr  Bbhmw. 

Tho  lat«  I)r  Walkeh,  who  for  his  timf  was  a  piod  iirituralist,  and  undoubtedly  a 
utost  careful  obserTer,  pmscssing  the  requisites  of  an  accurate  and  sciratific  mind,  via. 
aocttraey  of  ohecfTatkm  and  fidAty  of  narration,  read  eone  papers  to  the  H%hhmd  So- 
ciaty  of  Bootland,  on  tho  natural  lilsiorv  of  tlu-  salmon  and  of  thc  herring. 

His  aoconnt  of  the  samlet,  or  amolt,  is  perh^  sufficiently  accurate  for  genenl  par* 
j>oses ;  hut  where  the  salanois  •  flah  of  anch  ralne,  is  considered,  the  history  of  the  aen- 
fattif  peadyeo^^tolieiao(«fUtyWUy,  orHtleMftnoiretoiiinlcly,>^^  TUa  I 
have  endeavonrrd  tn  An  in  flic  Jrxt,  p.  472.  Tlif  l>r>rliug  he  considers  as  a  samlet  of  the 
same  yeari  returuiog  tor  a  short  time  to  the  riren  in  Augnit  and  September,  but  never 
aaoeBdinf  Ar  up  the  river ;  twenty-ats  mtlei  he  eonaidere  aa  •  long  way  np  fiv  Aam  to 
ascend.  After  a  ^liori  residence  they  return  again  to  the  sea,  ami  are  not  to  be  eeea 
hi  tho  river  Awn  September  tiU  the  following  ApriL"  P.  364.  In  reapeet  to  theto 
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opiiiiutis  of  Dr  Walkkr,  I  miut  obgerre,  that,  according  to  my  own' experience,  they 
oouuiu  numerous  and  serious  erran.    HerUnga  may  be  talqui  in  the  Annan  during  all 
di*  winter  imntlit;  idli  to  rwpMttotfMirip»wiii«f|ft|BMMq|k 
fomi,  a  refi  rc  nce  of  dM  iMdcT  t»  jtgt       «f  Ae  Int  wiU  be  finoMl  to  Mi  the  matter 
mtirely  at  rest. 

He  iimreofer,  Aet  in  the  Tay  it  m  edied  the  LuauBu  WUtfaig',  end  Aet  H 
•heottde  la  every  walnion  river.  Tlio  next  year  *■  it  hecomes  a  wiiiiing  or  white  trout 

he  spt>m«  to  tliink  that  neither  of  tlic'.i'  {is]w->  ^jmwti,  "  ttic  (friUi<  j<  anothi-r  year  of  the 
same  fish,  and  he  sap  it  is  never  known  to  spawn, '  nor  to  astrend  distant  rivuleta. 
(P.Sft7>  The  erron  centdfawd  IB  tluM  lellar  epiidev  irf  Dr  Waixsiv  wiD  he 
Mlj  H|leined  in  various  parts  of  the  text  and  appendix  of  thiK  memoir.  Mr  Dhvm- 
MOVD,  an  excellent  practical  writer  in  the  sane  work,  (Transactions  of  Highland  Sodety* 
p.  365),  says  that  "  the  nature  of  the  food  vhilit  in  the  aee  is  unknown." 
Hie  Her.  Dr  HRAraicK,  who  nadeiBHf  endleat  wmgwlhwe reapeetiiif  the  lUieriea, 

remnrks,  ('p.  -14 4\  I  "  snppose  tlii'V  (s:ilm«in  aiifl  Itrrriiip)  live  cliii-flv  un  «  ater  and  on 
small  insects,  wiiich  abound  both  in  the  sea  and  rirers.  I  have  been  told  of  the  £ry 
of  nmlhr  bhw  fimnd  te  the  etenadie  eraahnen;  hut  eudt  inituege ntrv eecoired  te 
me,  and  I  never  heard  of  107  animal  being  found  in  the  ateniadief  a  herring,  Mr 

Headmck's  opportunities  were  ample  "dnce  lie  ex;iniine<l  file  mattrr  {ier«onaIIy,  and 
undoubtedly  was  present  at  the  tisliings  in  Loehbroom,  and  indeed  on  both  coaata. 

Some  ef  mf  frieadk  have  theegfat,  that  I  wee  vet  houid  to  wtice  the  PiiVameMary 
Report  on  the  Salmon  Fisheries,  but  simply  to  have  brouglit  forward  what  I  had  my- 
self discovered  or  elucidated.  I  feel  at  a  loss  to  understand  how  they  had  arrived  at 
this  conclusion  The  Parliamentary  Inquiry  resolved  itself  into  an  inquiry  respecting 
the  aatani  and  BOOBon^  history  of  the  aiJmfln,  and  laj^  be  expected  te  coetaia  aU 
that  WHS  known  ad  the  subject. 

Shortly  after  the  printing  of  the  evidem-e  before  the  Committee  of  the  House,  van- 
eoe  joimnla  anneunoed  the  opeaiag  op  of  iheae  acieiitiiK  queationa  1*7  the  Oommhlee, 
and  I  naturally  felt  anxious  to  learn  the  sources  whence  they  had  drawn,  and  the  indhri* 
dual*  t<t  wlioiii  they  Imti  applied  fiu'  iiiA/rtiiatioii.  I  was  not  iiiv«'lf  uuHre  of  (lie  ex- 
istence of  any  researches  into  the  natural  history  of  the  salmon,  saliuun-troul,  parr* 
trout,  corregonne,  &o.  wUah  had  any  rathentieity,  or  whidi  ia  any  shape  merited  the 
name  of  n  >rientific  inquiry-  But  still,  as  Kumetimes  tlum^'li  rarely  lia{i]>eii»,  it  might 
have  happened  that  original  experimenta  and  obaenrations  had  been  privately  instituted 
aad  that  knowledge  eadated  of  a  oorreet  and  anthentie  natore,  wUek  bad  yet  been  with* 
held  from  the  public  Uut  disrnrering  soon  tlwt  the  evidence  waa  eewBiUlBg  and  ah- 
solulely  devoid  of  all  that  care  and  precision  requisite  to  be  had  in  view  in  scientific  in- 
.quiries,  1  regrettod  much  the  nut  having  eomiuitted  to  paper  awne  obeervations  J  made 
many  year*  age  «■  Ae  gaaentioa,  more  eapedallf  of  Ae  otsoena  iiihea,  the  repetition 
of  such  experimcnM  and  observations  being  very  expemive  and  troublesome ;  but  I  re- 
gretted in  some  measure  my  having  been  induced  to  pursue  the  history  of  tlie  >(erienitiiiii 
of  cartilaginous  fishes  in  preference  to  the  osseuus.  Sensible  now  that  the  inquiry,  if 
bhadbeenha|ipitj  diveeled  UnrardaAebtlert  might  have  gene  fiv  to  lettle  most  pointi 
ia  the  nitmil  hiatory  «f  Ae  MdmoBj  Ae  inqnir^  haviaf  hern  eondacted  at  a  time  when 
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anatomy  as  a  science  fomed  tlie  solo  object  of  my  pursuits,  to  remedy  if  posaible 
dMM  «BlMi<»St  I  km  takm  «v«ry  «p|wrtiiBtey  to  faifotlgale  dwvurlnii*  qaailiMM 

on  the  spot,  by  rcpairinif,  wliori  pracfiraMe,  to  tlie  salnion-riversi,  exploring  tlicni  from 
tlwir  Mnuwet  to  their  conflux  with  the  sea ;  by  looking  into  erery  thing  niytelfi  and 
w  iflMom  M  ponible  tnutin;  tlw  fidunga  of  fhMe  ram  to  etbcn.  Notwidiatndiiif 
Asm  flSbrts  which  were  attended  with  a  good  deal  of  iiioanv«iieno6>  putieelarly  in 
the  exnmiriirig  llii'  stuti-  of  tlu'  rivers  iii  »  distance  from  town,  it  cannot  bat  bo  that 
many  errors  must  have  crept  into  these  memoirs.  As  tbe  whole  question  is  with  me 
rtriedy  •  wivBtUio  vat,  waA  bebif  m  fnitliM'  ntaraitwl  in  tiie  mniMifMit  Afteolt  pi«« 
blems  it  embraces,  than  as  regards  the  invei^tigation  of  truth  upon  a  physiological  qacs- 
tioiiy  Ihe  memoir  will  be  £i»ind  not  so  omcb  oxtended  on  aomo  pnetical  point!  as  per> 
hnpo  tho  public  dotirod. 

APPENDIX  B. 

Bvidatee  and  Bqxtrt  to  Ae  Hotm  <jf  Commtms  on  ihe  Sabmm  Fiihtrm     the  Britith 

U  ia  in  evidetuai  on  the  port  of  8ir  H.  Daw,  iluit  he  considers  six  weeks  sufficient 
finr  the  dorolopaMot  «f  tho  nbrnm  «fa,  i.  «k  A«n  tlio  porlod  of  Ita  deporitioB  until  ita 

ai>pe!irance  in  tlie  stream  a  fisfi.  This  would  bring  the  smolts  info  ttie  sire.-im  at  a 
time  when  there  was  no  food  for  them.  Moreorer,  tbe  opinion  ia  refuted  by  the  ototft 
poeitin  mtdtiTO  evidoaee.  Entj  •denee  inMt  bave  «  bnelt.  Now,  tbo  qneatlon  of  tl^ 
gnnoration  of  aniuials  is  the  roost  obscure  and  difficult  of  all  questions  in  physiniogy, 
a  science  resting  entirely  for  its  basis  on  anntoitiy.  Sir  H.  Davy  T»eing  unar<jijaiipted 
with  these  sciences  *,  was  not  competent  to  make  observations  on  tbe  mode  of  genera- 
tion of  tlio  nhmu 

In  I!,  reding  passage  of  the  paper  I  now  remark  on,  tlie  editor  observes,  that  "  in 
Atigost  and  Septomber,  a  fish  exactly  reaeoibling  the  young  salmon  in  form,  and  from 
ton  to  fbortoen  Incbea  long  (called  Wlritlingt  and  Wbitings),  widwal  viiiUo  «va  or 
apermatic  seeretion,  are  foond  in  salmon  rivers,  a  mile  or  tuo  froai  tbe  oani  tad  wbieh 
return  to  tho  sea  without  attemptiiif,'  a  further  mijfnitinri  "  V.  14.). 

To  what  species  of  fish  8ir  IL  refers,  in  the  panagu  alK»v«  quoted,  1  cannot  imagine. 
Ztoet  be  arau  thai  ia  tbo  young  nhmM.  ftnrtooa  iadmi  kng,  tbo  oez  ofthe  iab  enanot 
l>e  determined,  and  tbnt  ilie  ov.-iriu  aiul  mitt  are  not  to  bo  seen?  Personal  repealed 
obsenration  baa  shewo  me,  that  iu  the  salmon  smolt,  whilst  yet  at  the  sources  of  the 
livtn^  and  onljr  aixinelim  in  length,  and  previous,  of  oonnc^  to  their  descent  to  the 
eai^  tbe  aexes  can  be  distingnishMl  from  each  other  witb  dm  greatest  ease,  tbe  Oi^aa 
of  jCfeflpratioii  being'  already  jwrtly  developed.  It  Is  by  no  menim  diffinih  to  disting^nish 
tbe  sexes  in  smelts,  eren  without  tbo  aid  of  anatomy,  since  the  lower  jaw  uf  the  male 
(at  ia  tfie  treat)  ia  atnnvar  Ana  ia  tbe  ABabi  and  alnady  diapbye  tbat  process  pre* 


■  I  ukethlspasiltotaapiBiodliyapaiiagafatbo  fchnanln,  wbato8lrH.DaTTip^af  the 
whale  baring  no  snlBnglmAlaidar. 
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jeatik^  BpiTMib,  wUcb,  aftarmida  gmrlny  to  M  gmt  an  cacteut,  ftnu  » Indiitf  te- 
tare  of  the  male  iub. 

The  peraoD  wbo  could  not  tii^i-ovor  the  organs  of  generation  in  young  salmon  fuurl«eD- 
ImAm  kmgri  ani  wkm  mppoMd-tlul  tit  ftb  of  dwt  riw  dwy  weiiiM  vbllikv  wu  fikdy  to 
fall  into  other  crrorti ;  of  M-liich  not  the  least  rcniurlial>Io  is,  the  supposing  that  the  pro- 
j«ctiog  and  optitrned  lower  jaw  of  the  male  (which  I  fiiul  in  tbe  nuolt  »ix  inches  long), 
•o  dkttoct,  thM  it  is  always  poMiUa  to  ducrimiaata  inalo  front  ftmale  previous  to  their 
bdag  opaned,  k  so  fiuhioacd  die  mperior  activity  of  the  male  fish  donii^tlw  apawn- 
ing  act,  "  whicb  liardoaa  the  axtraalt  j  of  the  nMath,  and  bend*  it  into  tin  Aarm  of  « 
hook."  P.  14& 

Notione  liaiikr  to  thete  have  of  late  yean  fciica  voiy  extm irely  tpread.  They  reduce, 

or  attempt  to  reduce,  the  causes  of  animal  structure  to  "  animal  mechanicy,**  as  if  ani- 
maLc  had  originally  be«n  ma<le  by  muchajiic.4.  It  is  a  saperficial  philosophy,  founded 
mostly  OD  low  conceits,  and  calonhited  to  make  us  believe  that  tbe  animal  structure  of 
eaeli  indhUnal  anbaal  waa  partiealarly  framed  lot  HmV  alone^  widamt «  refereaoe  ta 
thf  pl.-ki'f  it  Iiolil^  in  the  animal  creation  ;  with  thc^c  prt^otis  (he  t<p]<M'n  passes  as  a  soft 
padding  tor  other  riaowa*;  the  book'like  procesa  ot  die  salmon's  jaw  is  produced  by 
barSeoing  f,  or  b  beetowed  on  it  by  Natnn  fbr  the  purpose  af  fcAhwiiwg  the  spawning- 
bedt  and  the  strong  protuberance  of  the  ocdpitatbone  ie  givoa  to  nan  to  protect  the 
head  in  fuHhipr  bai'kwanl-i  f .  Newton,  who  BRsuredly  wn«  in>  !mntntui!.t,  understood 
enough  ot  tlie  philosophy  of  animal  structure,  to  perceivit  Liwl  uU  animals  were  formed 
upon  one  general  plan ;  and  Hastbv  went  nmch  beyoad  tUi,  ainoa  he  Sm  poiated  ont 
an  imposing  and  mystcrinn!;  feature  in  this  plan,  vix.  that  most  irrcgularitlM  in  human 
stractiure  were  to  be  found  in  the  lowtar  animals.  It  was  reserved  ibr  the  present  dayi 
and  tar  oat  own  times,  to  find  oat  that  Ae  eyee  of  tba  bone  are  plaeed  iateranjri  to 
enable  him  to  kick  with  efiieet  ^,  and  that  tJiis  is  ihc  cause  vhy  they  are  «  /ibutit  and 
tlut  liliitiliiT  i*  jrivcn  to  till'  "4i:(lc  to  make  him  buoyant  '.  why  not  for  man  to  makr  «il 
of?  The^e  attemptii  to  reduto  the  "  Sciooco  of  Life,"  as  pliyisiitlogy  has  been  termed, 
•ontiaineofpnerOitictaadconeeits,nHif  petbqwbyMaMbedeemednMfal,  bymakinf 
in  popular ;  hut  it  is  right  that  scientific  men  should  be  informed  tluit  such  explanationa 
are  refuted  by  the  whole  phenomena  of  living  nature^  and  are  nnwoithy  the  name  of 
■dcntiflc  explanadona.  .  . 

It  wore  easy  to  shew  heroi  ui  the  cxaminathm  of  aone  statt-ments  made  by  praetieal 
fiithornu'Ti  aritl  (itlicrs,  that  errors  and  misstatements  regarding  the  most  vital  <picst!on<: 
in  tbe  iwturai  history  of  the  salmon,  arc  contained  ia  the  Report.  The  Committee 
pivvedt  in  an  nadenmlila  nnmner,  tbat  one  pnctieal  Ibber  and  tadtaman  of  aalaon  fi 
of  vast  extent,  was  so  ignorant  of  evt  ry  fiict  in  natural  history,  that  he  minook  the 
upe-wonn  (a  parasite  inilntiqg  certain  parts  of  the  intestinal  tube  of  the  sahnon)  for 
the  food  of  the  salmon.  Anodier  also,  a  praedoal  flabariDan,  in  open  defiance  of  truth 
and  daily  ohaervation,  asserts  that  the  true  salmon  Uvea  on  eand-eels  and  fty  of  adiar 
fiJiaB,— n  diatiiiiguiilied  natnralkt  talks  of  salmon  going  into  cetiuuriea  ia  seaicb  of  waraa 

•  Palbv.  t  BbrK  DaVT.  t  "  Aalmtt  Midkmimf 
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diMmber*  towardi  the  ebb-flo<Hl, — and  ono  of  tho  mott  oxtcnsivp  prnrtical  fishermen  of 
die  nortlit  abo  pro{>rie(«r  of  many  great  talmon-fitii^g*,  waa  made  by  the  Committee 
to  mif  and  vwiy*  to  wrt  and  oimtnuBiit,  tliOM  ■mitkmi,  aeaily  I«  evoy  iudiniMl 

paoaage,  throngh  ta  exainitmtion  extending  to  many  folio  pagoi.  ^lion  we  reflect  on 
thin,  it  Riiri'ly  cannot  he  wondered  at  that  the  Leffi«1atnre  viewid  tile  Andmot  and  Ji^ 
part  as  docamenta  on  which  they  could  not  place  any  reliance. 

H(ra«e  of  Cnnininns  1)y  tlic  Conimiitoc,  I  shall  veiifiirc  to  offer  it  as  my  opinion  ^at  the 
naolta  are  below  criticiam.  I  make  this  statement,  I  hope^  without  going  ont  of  ny 
vaj  to  l«ek  ftr  mtoriala  for  oriligian ;  tiMM  tt«  mny  viewing  the  questioa  of 
Aft  flilBMlil  FidMriet  a*  of  a  national  aod  eoonomieal  ■■taii%  ai^ht  deem,  through  \g- 
nimmr*.  the  report  and  CTidencc  before  the  Ilonse  rf  Commons  as  raloable  and  import- 
ant,  and  might  wonder  at  my  not  having  first  submitted  an  analyttis  of  theae  documenta 
toa*8Miflt7«sli«totefiudwehMm«in^Md»allH  tUi 
uialpiii  I  have  very  carefully  iiia<1c  twice,  fir«t,  before  T  comnieiiciTl  iIk^  Iriftrr  part  cf 
ibeao  inquiries  and  sinoe ;  tfae  oonduion  come  to  ia  atill  the  mne,  viz.  that  the  penow 
oflMflf  dw  HfttUanf  «ild  trMMIfle  liere,  are,  widioat  any  exception,  inooropfltHk  to 
tlie  taak ;  tlw  giwter  part  beinj;  tho  evidence  of  individnala,  to  whom  it  woidd  bft  !■>• 
poaaible  even  to  exphiin  the  cnre  nurl  prp<  iNo%  and  astoit  «f  dinefc  siidauWi  Mqpidto 
to  arrive  at  a  owrect  icientific  coiiclu»iiK>. 


APPENDIX  C. 

In  ISSOaNatnral  History  of  the  Salmon  wm  piiblish(»J,  hy  ALKXASnKrit  Fhaskr, 
■aUuun-curer  and  tacksnuui  of  Dochnaling,  a  copy  of  which  work  Sir  John  Sinclair 
kidtlMknMlMMtopi«a«iittoUi«k  IlvvotlumgbtkdfliktlnntopMtienlwinMrnui* 
ser's  work,  not  that  it  contuins  matter  of  any  great  value,  but  that  throughout  it  is 
written  with  great  candour  and  good  leaae.  Mr  F.  haa  had  the  most  ample  opportnni- 
tiea  of  obaervatioa,  aa  being  a  moit  eztaiuiTe  pnustieil  nlmoD-Bdier.  A  valuable  table 
of  river-fishings  is  appcn(ic<l  tu  the  work.  Mr  Fhaskk  in  his  preftmi  claims  attention 
from  the  public  for  his  work,  being  "  the  result  of  mnrv  than  forty  ypars  almost  unin- 
terrupted practice  in  salmoo'fiahing."  Hi»  experience,  however,  I  remark,  is  focal,  and 
thetefiH*^  to  all  th*  eljeelionaiilneh  lie  agaiiMt  ezpericnoe  dnwn  A«ni  limitad 

obaervation.  His  rcnmrks,  "  that  prai  tii  al  men  who  have  the  best,  rri  '  in  li-cil  fho  only. 
Opportunity  of  forming  a  correct  judgment,  are  generaliy  defidont  in  tho  pt>wer  of  expreM- 
ing  it,  or  am  too  adivdy  engaged  in  hMdaaM  to  traaUa  lihcnudm  alieal  apaadativt 


•  nic  term  trvrm  i»  usually  applied  to  farth-worm,  ii  wirl  of  bait  which  will  hardlv  be  fiMjnd  in 
the  iMtiuiry  ul  wy  nver,  and  the  other  bait  tiiould  have  bctu  churui:t4.Tuc(I.  A  re&rence  to  fart  II. 
will  shew  that  grMsriwr  flabes  do  not  lak^  iadiiataninately,  whatever  bait  the;  can  aatab  t  and,  as 
the  qu««tion  of  foM  dctciminea  the  Iscality  of  tbefiadlng-gnmod,  and,  this  beins  detanidiied,  settles 
■11  quattions  of  prpprietonh^  It  saswis  dear  to  mv,  that  on  the  Committee  diacoTering  that  not 
CM  af  tW  aHasaissmiswIhii  saliwan  lWir  riwi  knew  a  linglo  pontive  &ct  aito  thefoodof  the  tihwi 
Ito  iseat  inpoTtant  otdl  the  fniattons  bmi^t  beftvc  tM^ 

lHT«al%a«toe«^tQhavweaasaaaiwi^iMi»atiiaiiaiad  iHitBtlM»><iaitwi>ftWyailiaaai>y^ 


the  Sulmon,  Uerring»  and  Vendaoe* 


«0i 


mfXabm,^  MMftfa  •  pdpaUe  «mr.  Hm  tn»  dtfioency  of  such  pcrwWB  ii^  ntt  thM 

«t  sxprvMion,  bat  of  power  of  obienration,  arising  from  two  sonroMt  ft  Bsturally 
vaplulogflpbic  mind,  clondeKl  with  prpjadiccs,  and,  above  all,  a  want  of  a  proper  sci»»ntiSc 
•dttcatioa.  The  observation  of  Mr  Fraser  is  rooted  in  a  fiaeliog'  which  is  known 
h»  pwralMt,  i4t.  fttifah  to  ontenl*  «lw  vmI  wmtUtt  «r  wicMtifl*  «Ma»  flwK 
Nr^vt-ov  to  I>AVY.  Tbose  who  think  it  worth  while  takiiii?  the  trouble,  in  a  ques- 
tion peHectJy  within  the  reach  of  erery  tbiafcin^p  person,  will  fiod  a  triumphant  refa- 
tMkiB  of  mil  vpmm  wt  Mr  Frmmi's  la  dw  tr«rln  of  Baibam^  Buwsm,  and 
•Am.  If  Watt  pvfccted  the  steam-engine,  every  n  ki:ows,  or  should  know,  thai 
he  ompIoyiHl  tlio  common  scientific  principles  of  the  lnv  m  dniug  *o;  and  I  trust  that 
no  one  will  have  the  hardihood  to  deny  that  those  pruiciples  were  taught  to  him 
«id«llMn«r  UfdftjrliiftmaaMr  adnlttliif  afM  aontMli^  aad  n  a  naanarfM- 
bably  ndmitting-  of  no  future  improvement,  by  Dr  I^i  \  fc-  The  path  of  stience  is  too 
much  trodden  for  a  practical  man,  agreeable  to  Mr  Fhasbr's  acceptation  of  the  won^ 
t»  aaka  ■nay'  diniirarici.  What  eoariiMaa  ma  flat  Ut  VWun'a  ai^ariaMa  ia  p«r> 
feetly  local,  and  oonieqamitly  scarcely  deserving  notice,  is  a  passage  in  his  first  section 
on  the  Habits  of  the  Salmon,  whf^re  «sy!i,  "  thpy  nerpr  ikxreiitl  lakes  or  rivers  until 
near  the  spawning  season,  when  they  J'aU  down  lakes  to  streams  and  shaUows."  The 
wqiatiaaei  «f  Ja<l»p<weiia,  ■afeaa  lean  iiWtBi^aadiay  QiirainiiaftiCT 
tn»'  to  r  »f  the  word  tuemd.  Mr  Fraser's  locality,  however,  may  be  peculiar.  He  says, 
moreover,  p.  6,  "  ciliiit  salmon  require  a  wona-bait.''  in  the  Tweed,  in  ^ring,  a  worm- 
iaikaittnHalUiiiAflpantorjMiatnwii.  At  page  7,  Mr  FHameb  obMrf  at  (varr 
giaralyt  and  after  indulging  in  the  most  playful  fanciful  notions  imaginable  with  regard 
to  the  si|^  smell,  uml  heHriii)^  of  tlu-  snlmon),  that  "  there  are  fifty-four  joints  in  the 
•aknon,  which  he  can  use  tfuickiy  or  klon  ly  as  Ue  may  desire."  As  there  are  evidently 
many  haadreJ  jdaia  in  die  aahnon,  we  mnat  aaaist  Mr  FRAmt  in  ^nv)g  preririMi  (a 
llis  language,  ss  to  suppose  that  he  iiieaiis  the  vertebral  column  or  haf  k-bone  of  a  salmon. 
To  ahew  how  difficult,  nay,  I  should  almost  say  unpoasibie,  it  is  for  a  person  not  ac> 
coMoiaad  in  thaaa  nattan  to  anka  a  aingla  earraet  okernitiai^  «a  wiD  jaat  bint  ta  Mr 
Frajuui,  thatif  he  win  be  so  good  as  recount  the  individaBlTartdinifl#aadBan,ka'iiil 
find  that  there  va^  sixty-one  (and  nut  fifty-four),  and  eonseqoently  as  many  joints;  fidi 
haviiig  no  part  of  the  column  run  together,  or  ossihed,  as  happens  in  most  of  the  Mam- 

not  enahlt'd  him  to  ronnt  the  barkhones  nirrectly. 

In  reqpect  to  the  food  of  salmon  Mr  Fkaskb  has  notions  also  perfectly  local,  that  is, 
fiiiaail  to  Mialf.  Aad  as  tha  whole  passage  adaaita  «f  no  aort  of  aaalysis,  and  aa  » 
doadao  person  having  the  smallest  knosrMgIB  of  natural  objects  would  think  it  neoaa- 
•ary  to  reiiH  the  arti(;lr>  twice,  much  less  to  examine  it  Seriun-ilv,  we  ?fiaU  simply  quote 
his  owa  worda,  and  *a  leave  it : — "  Their  digcsdon  is  so  quick,  that  in  a  few  hours  not 
a-booaiatolwdHoaTarad.  Of  lUa  Ibmkad  wioBapradWiBOoataeaagilby  apar 
as  bait  on  set  lines.  Fire  or  water  could  not  consume  them  quicker.  The  sabnon  has 
bat  one  jntwrtinsl  canal  (how  numy  does  he  think  a  cow  or  a  horse  has^  like  the  wood> 
ooek,  whieh  ia  trifled  in  the  middle,  aad  covered  widkacoat  «f  6t»  which,  iaashoct 
ifaibtohM  aratytMiy  aiiMilythafcK''p»l7»  Maiart  «f  iia  pwawl  to—ak, 
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tatt  or  appendix,  b  htwided  to  be  •ddi'enid  to  pmniu  wIwm  ednartioB      Inkito  vf 

thflOght  are  to  low  as  not  to  obserre,  without  its  being  pointed  out  to  them,  tha  MM>> 
iag  error*  in  point  uf  fact,— widenen  of  hj^potbuMiai  ud  abme  of  what  ia  oatted  iMa«a> 
qnUurs,  in  the  above  pasiuige. 
•In  apwiHwy  of  ip<eeto  which  attodk  aohaeo,  Mr  FiM«»lMawBitted  iwJdBgwiy  mw 

tion  of  tho  internal  parasitical  animals,  which  we  think  he  would  have  mcnttonod,  had 
iio  wen  then,  or  eeeiog  them,  known  Uteir  nature.  I  confess  tliin  exdtes  strong  doubts 
la  taf  nlad  to  die  eeeoreejr  of  Mr  Tiuanil  eheerratiom  genendlf  ,  end  caowa  me  to 
mdcmlne  eltogether  bis  forty  years'  experience  as  s  safanon-eimr.  He  smder,  by 
referring  to  the  history  of  tlie  evidence  Lcforc  the  Hunse  of  Commons,  contained  in  tlii? 
Ajipeodix,  will  there  find  that  a  practical  fishenwiu  and  tacksman,  who  had  paid  tkou- 
leadie  »  fear,  and  that  Ibr  aiaBy  yean,  to  river  and  tea  proprieton,  waa  ao  totailly 
competent  to  make  any  proper  observations  on  the  natural  history  of  the  salmon,  that 
he  mistook  the  tape-worm  for  the  food  of  the  salmon.  Mr  Fiu^ser's  remark,  that  he 
has  found  tho  }emca  upon  "  the  gills  of  the  breedit^-saUuon  on  the  return  of  the  latter 
to  ifceir  rim*  la  tbe  noolh  of  Jidjr  or  Anpiat,*  k  pceafiar  to  Unuelf,  aad  «f  eoaiaa 
would  rotjtilrt'  soiiii-  fartli<'r  confirmation.  ^Ir  Fua^kh's  lioncsfv  and  jjood  faith  induces 
hua  to  put  credence  in  the  experiments  regarding  the  return  of  salmon  to  their  <nm 
riren,  aad  the  growth  of  thfe 'amoH  to  (be  grilM  wkUn  a'eertain  tiine.  -  Ootrenuifca 
oa  dda  pohit  will  be  found  in  the  text;  the  whole  is  perhaps  more  curious  tlmn  ioipvrt- 
ant.  It  srcnif!  done  willi  tlic  view  of  proving  tlic  hcrliiip  an  adult  fi«h  when  twelve 
inches  long,  and  thereby  allowing  the  mesh  of  the  net  to  be  snuUi  but  the  natural  his- 
tory of  the  heifiug  ia  aot  to  he  ooaie  at  fai  thb  auaiaer. 

As  a  proof  of  the  extreme  candour  of  Mr  Fhaskk,  I  refff  tlic  reader  to  his  rhnptrr 
on  Oreat  and  Small  Saliooo.  It  will  be  there  found  that  Mr  Foasck  has  a  mind  capable 
of  ciiiag  above  all  prejndiees  In  the  tmraalt  of  tradi. 

The  lection  containing  Mr  Frascr's  experiments  on  the  Smolt,  contains,  without 
donbt,  a  number  of  very  curious  obs«>rvations.  When  Mr  Eraser  has  repeated  them 
carefully,  and  noted  a  number  of  circumstances  regarding  thom,  which  unfortunately 
haTeheeBoadtted,IahaUbeinotthap]»f  toaotioetheiBaioreiMiirtioalarljr:  fitr  dtopra. 
sent,  I  may  rrmark,  that  thrv  nrt«  very  much  at  variance  witli  what  hn«  been  observed  by 
Mr  BctsT  and  myself^  Mr  Fiusea  tbiulu  he  has  proved  that  ova  may  remain  buried 
to  a  depth  of  six  or  eight  bchea  idl  rammer,  ibr  at  leaat  Ibnr  month*,  and  at  ten  prda 
distant  from  the  river. 

Hie  qnostion  of  the  fry  getting  early  or  late  to  the  sea,  is  one  whicii,  of  course,  is  not 
easily  settled.  Mr  FKAii£K  thinks  that  fry  Uve  buried  in  sand  and  pebbles  from  Ist 
AprU  to  let  Angatt,  aad  profaaUy  bter,  and  wilhont  litod,  and  that  tbey  do  not  gfow 
larger  in  their  n;itivo  beds  under  Mich  circumstances,  than  they  do  when  confined,  w 
described  above,  in  a  dish  of  water,  and  he  thinks  it  quite  dear  that  it  is  these  fry  which 
are  baried  In  giavci  aU  annumr,  that  '<  partly  supply  ua  with  deaa  and  catly  nlaM» 
every  season."  With  reference  to  this  I  have  jnat  a  tingla  qneation  to  ask,  and  until 
this  be  fairlv  answered,  I  should  deem  it  nnneri'*«arv  to  nntire  these  opinions  further. 
If  fry  thus  asi-end  through  the  gravel,  at  various  times,  from  the  1st  April  to  1st  Au- 
gnst,  and  probaUy  htor,  how  cornea  it  that  tb«y  .are  aot  takea  by  tht  angier  idm 
May,  or  aeaa  inamdl  daau,  waii%     by  the  riTor  lida? 
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Ob&ervatkn§€ndte  Naturai  HiHory  tfUie  Stdman,  Herring,  and 
Vendaee,   By  Robbbt  Knox,  F.  R.  S.  Ed. 

{Read  1th  atid        Jan.  1833.) 


PART  II.— THE  HERRING  AND  VENOACE. 

It  18  a  &ct  suffideiitly  curiotu  in  itself  independent  of  aB 
fldentific  oonaderaldon,  that  the  diaooverf  c£  the  ^Mid  of  certain 
gregarious,  important  and  much  priied  fishes,  as  the  Herring 
Vendooe^  Salmon,  should  have  defeated  the  eflforts  of  all  in- 
quireta.  Even  persons  the  least  curious,  or  who  think  at  all, 
must  be  aensible  that  there  can  be  nothing  moie  calculated  to 
excite  curiosity  than  a  faft  of  this  kind,  however  indifferent  they 
may  be  to  xoologicul  scnence.  The  natural  history  of  thr  Com- 
mon Ilerrinp^  alone — its  importance  to  the  nation — its  incredible 
abundance — and  the  really  enormous  sums  lavished  on  its  en- 
couragement by  a  Legislature  by  wliom  every  thing  nautical  and 
commercial  has  uniformly  been  encouraged; — these  considera- 
'tions  render  a  decisive  step  in  the  natural  history  of  its  food  an 
object  not  to  mudh  of  loological  ae  of  omuneidal  consequence. 
To  the  scientific  part  of  the  inquiry  alone,  howerer,  it  is  my 
intention  heie  to  Umit  myself  s  the  consequences  and  results  can 
easily  be  calculated  and  made  pubiio  at  a  future  period  tad  in 
another  form. 
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It  may  be  not  vma])|)ropriate  briefly  to  state  tbf  rtrcum- 
staiices  under  which  the  iiujuiry  into  the  f(K>d  of  I  lie  herring 
and  of  the  vcndace  wa.s  bt'^un.  Tliis  will  divest  the  ol)servations 
of  an  abstract  character,  wljich  in  tliis  advanml  stage  of  the  in- 
quiry tliey  might  inadvertently  assume,  and  give  to  the  whole 
memoir  tbat  valne  wMcSi  I  tmst  it  will  be  found  entitied  to,  tk 
well  fipom  the  great  extent  of  the  inquiry  itself  and  from  its  sao> 
cess,  as  fiom  the  strictfy  personal  nature  of  all  the  ohservatkms*. 

My  attention  was  first  diieeted  to  the  disooveiy  of  the  food 
and  habits  of  the  aahnon,  as  described  in  tiie  first  part  dt  this 
memoir  ;  and  I  should  gladly  have  limited  the  inquify  to  that 
species  of  fish,  in  consequence  of  the  time  and  labour  required ; 
hut  I  found,  as  all  scientific  men  will  readily  understand,  that 
the  basis  of  observation  was  too  narrow,  and  that  it  imme- 
diately branched  out,  so  as  to  include  the  trout,  parr,  herUng, 
vendace  or  corregonus,  and  herring.  The  vendacc  of  Locluuaben 
being  closely  allied  to  the  salmon  and  herriiiji:,  iR'came,  therefore, 
the  next  object  of  inquiry,  and  the  following  is  a  brief  account 
of  the  discovery  of  its  food. 

In  certain  of  the  romantie  Uikes  around  Lodunaboi  (a-tsnall 
town  in  the  south  of  Scotland),  is  fonnd  the  elegant  and  ddioalst 
vendaoe.  A  precisely  rimilar  fish  has,  as  it  seems  to  me^  ne^er 
been  Ibond  in  any  other  part  of  Great  Britain ;  and  evenllieTtty 
few  persons  who  state  if»  existenoe  in  Walei^  and  in  one  or  two 
places  in  England,  admit  its  extreme  larity.  Its  presence  in  the 
Castfe  Loch  of  Lochmaben  has  been  traced  to  the  timesof  Qneeil 
Mary,  and  even  prior  to  her  time.  Katuralists,  and  more  parti- 
cularly Sir  W.  Jahdine,  who  has  given  by  fer  the  best  account 
of  the  Vendace^  refer  it  to  the  genus  Corr^gomta  of  sj^stematie 


*  The  «« JiNMidaf  OliienitMi»*aiwUdft  Om  maadr  M  UMd,  w  OMt  «• 
tensiv^faulitliMiMCbeeii  tlwa^  oeotMiy  to ttooble  the  mdhrnith ■» aMny 
detail!. 
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writers,  placing  it,  as  it  were,  between  the  siilmon  aiid  bernng,  to 
both  of  whicli  it  is  in  some  point  or  other  allit;d  *. 

.Of  this  Lochmabcu  Vendaoe,  which  perhaps  yields  in  delicacy 
•8  an  artide  of^KMl  to  jume  with  whidi  I  uu  aiTgnumteri,  it  was 
known  that  th^  never  had  been  takm  with  an  angl^  and  that  they 
could  not  be  taken  with  any  but ;  it  was  also  generally  credited 
that  they  died  immediately  on  being  removed  the  water, 
and  the  male  fish  had  not  been  seen.  I  discovered  the  male  fiah» 
but  they  wete  few  in  number,  taken  with  more  difficulty  than 
the  female,  the  proportion  being  generally  one  male  to  a  doisi 
of  females.  I  fi>uikl  also  that  they  live  as  long  as  most  fishes  on 
being  removed  &om  the  water,  and  that  their  food^pneviously  ima- 
gined to  be  an  unknown  vegetable  substance,  consists  exclusively 
of  microscopic  animals  of  the  class  Mntomostraca,  and  which,  for 
tlie  a])])rehcnsion  of  those  unacquainted  with  natural  history,  we 
may  cail  microscopic  sheU-fish,  gem>rally  about  -Vths  of  a  line  in 
len^h,  and  abounding,  as  it  would  seem,  in  incredible  numbers  in 
the  lakes  frequented  by  the  vendace.  These  entoiuostracii  breed 
very  frequently  tliroughout  the  year,  and  carrying  tlie  ova  about 
with  them,  as  is  the  habit  of  most  crustaceous  and  testaceous  ani- 
mals, thi^  odBfer«  lidi  and.tempting,  and  at  the  same.time  most 
delicates,  bait  for  the  vendace;  henee  the  delicacy  of  tlie  fish,  its 
adsuumble  GOD^tioDt  want  of  putieaoent  lemains  inthe  intestine^ 
and  faeaoe  all^those  eiocilent  qualities  for  which  the  Xjockmaken 
vendace  is  so  deservedly  ptiaed.  Itatpiesentyin&ctiisasmuch 


*  My  reason  for  selecting  the  Vendace  or  Corregontis  as  the  next  objwt  of  in- 
quiry, may  here  be  stated.    It  was  admitted  to  be  allied  to  both  genera,  viz.  to  the 

fiu  true  of  the  Herring ;  but  I  fancied  an  inquiry  into  the  food  of  die  Com^ 
nus,  as  being  a  fresh-water  fish,  whose  habitat  was,  as  it  were,  local  or  very  limited, 
to  be  a  matter  more  within  my  reach,  at  least  compared  with  the  herring.  I  ima- 
gined, also,  that  could  I  diMOTer  die  food  of  the  Carngprnn,  I  ifaould  be  lid  to 
that  flf  die  henbiig;  IliexeauUprovedmei^mmy  conjeotiire. 
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valued  by  the  inhabitants  on  the  margin  of  the  lake,  as  by  others 
at  a  greater  distance,  since  no  ingenuity  has  as  yet  succeeded  in 
taking  them  \vith  an  angle  ;  so  that  they  are  never  seen  except 
during  the  annual  meeting  of  the  Vendaee  Club,  or  when  fished 
by  the  special  pcnuiauon  of  Mr  Mqbxay,  the  proprietor,  who 
keeps  a  net  and  boat*.  It  were  worthy  the  attention  of  the 
Societien  established  fixr  the  enooiiragement  and  pvoteetioii  of 
Britidi  FiBheries,  and  of  wealthy  prhrate  individual^  to  extend 
the  range  of  the  vendaoe^  by  transfeiring  it  to  the  numeroua  labss 
gptead  over  this  country,  its  fixid  (being  now  known,)  being  first 
ascertained  to  be  present,  or  if  not  in  the  lak^  located  for  a  ocm- 
siderable  period.  As  connected  with  their  generation  and  con- 
venient transfer  to  other  lakes,  we  mav  remark,  that  the  ova 
of  the  vendaee  were  found  to  be  very  large  on  the  1  Hh  Decem- 
ber, so  that  they  evidently  spawn  in  the  depth  of  winter ;  and  I 
have  ascertainefL  contrary  to  the  generally  recordetl  opinion,  that 
they  not  only  bear  handUng,  but  are  pretty  retentive  of  life,  after 
being  removed  from  their  native  element,  so  that  removal  to  a 
distance  is  by  no  means  impracticable.  Thus  we  should  obtain 
an  excellent  article  of  food,  and  an  addititm  to  our  maxkets^  in. 
stead  of  all  that  tribe  of  fishes  of  tiie  dace  and  bveam  or  carp 
kind,  which  hardly  any  one  in  this  country  will  use  as  fixid.  It 
were  casyi  even  in  certain  lakes^  to  procure  an  exdusive  habitat 
for  the  vendaee^  The  speculation  were  no  doubt  a  ptofitaUe 
one. 

The  Castle  Loch  of  Lochmaben  contains  ti\el\  e  or  thirteen 

different  kinds  of  fishes,  in  partictilar  all  the  family  of  the  Daces 
of  naturalists,  which  are  so  inferior  a.s  an  article  of  food,  that 
when  taken  they  are  given  to  tlie  pit^s  Trout  of  a  verv  large 
size  are  said  to  have  been  taken  in  the  lake.    AU  the  hshes  in 


•  I  beg  here  ID  ofte  my  belt  dunlu  to  Provoit  Thomiok,  fiv  Ua  gimt  Bbe, 
ndltjr  and  tinHnm  in  allowing  me  to  £ih  the  lake  during  the  lumnier  ti.  1888L 
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the  lake  (the  vendace  excepted),  ape  readily  taken  with  the 

u^ual  baits. 

1  liave  subjoined  a  dra\\ing  oi"  tlic  food,  as  seen  uiidcx  the  ex- 
oelleut  microscopes  of  Dr  Gaetille,  and  Mr  Graham  Dalyeli^ 
to  whom  I  owe  my  best  tbanki^  not  adj  fiw  tbe  iaterett  they 
maniftsted  in  these  inqoirieflp  hut  likeiriae  Ibr  the  very  grea;t 
trouble  th^  took  in  yeinfyiag  my  observatioiisb  and  in  giving  me 
the  oomiDQiid  of  thehr  microscopes  at  all  times.  Tie  animal,  as 
eiamined  in  the  Tarioiis  specimens  placed  midcr  the  microsoope, 
and  r^vesented  in  the  accompanying  engrairing^  ia  cather  imper- 
fect, or  has  not  been  described  by  authors.  Its  apparent  imper- 
fection may  arise  from  its  having  been  acted  on  by  the  gastric 
jiiices  of  the  fish.  It  seems  to  approach  nearest  the  Lynceiis 
iauiellatus  and  Trigonattus  of  Muller.  A  few  have  dri rd  up 
on  the  glass,  upon  which  tliey  ^s■cre  examined,  and  can  still  bp 
well  seen  with  the  aid  of  a  good  imciOi»cope  *. 

The  discovery  of  the  food  of  the  vcndacc  or  corregonus  of 
Lochmabcn,  led  immediately  to  that  of  the  herring :  it  becmue 
impossible  to  overlook  the  strong  analogy  subsisting  between  the 
sfiedes;  and  although  the  one  was  marine  and  the  other  Iscns- 
trine^  we  know  their  differences  as  to  babitation  to  be  but  tiiffing 
in  the  great  economy  of  nature.  But  even  here  smne  difficulties 
presented  themselves,  althoii^  the  k^  to  the  diseoveiy  was  in 
my  hands ;  the  extremely  minute  microscojHC  shell-fish  or  en- 
toniostracat  which  was  immediately  discovered  to  be  the  food  of 
the  herring,  were  found  to  be  more  broke  down  than  in  the  case 
o^  the  vendace^  and  the  food  could  not  in  any  case  be  got  for  ex- 


*  It  is  mentioQccI  in  Captain  Fbavklix*!  Jouniey  to  the  Polar  Sea,  libat  the 

itwuni  li  <)f  tlu'  f'riri  egoims  Sigiiifer  or  Back's  GtftjittDg  *•  is  l  i  i  lly  filKd  with 
gravrl  or  Mac  k  earth."'  This  black  earth,  I  presume,  may  l>e  the  remains  of  the 
(i-staccutis  ciuummtraca  Qt  othef  microBpopic  sbeU-6:ib,  on  which  this  kind  of  Carre- 
^Hua  probably  subrttts. 
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amination  until  it  had  been  acted  on,  in  all  probability,  for  a  con- 
siderable time,  by  the  fr;isiric  juices.  These  difficulties  were, 
however,  at  last  overcome,  and  a  tolerably  ])erfect  spt^cinien  will 
be  found  represented  in  the  Plate.  Tin  lierring  then  lives  us 
the  vendace  on  iiiarine  entomostraca  or  testaceous  niic  rost  opic 
insects.  When  the  herring  quits  the  shoreis  after  spawning,  it 
intttt  be^  M  In  the  case  of  the  salmon^  fiir  the  purpote  <)f  Mp^^ 
to  the  natural  feeding-ground :  by  tins  it  is  not  meant  that  the 
entomoBtraca  do  not  odst  on  our  immediate  shores :  the  oontraiy 
of  this  is  wen  known;  but  these  cannot»  fiw  obvious  season^  be 
the  ground  in  which  they  are  fi>und  in  that  incredible  abund- 
ance) so  as  to  supply  the  wants  of  the  herring.  The  extent  of 
the  supply  of  food  may  best  be  imagined  by  considering  the 
myriads  of  herrings  which  usually  visit  our  shores,  although  we 
should  certainly  form  a  most  erroneous  idea  of  the  habits  of  the 
herrinf^,  were  we  to  suppose  that  they  at  all  times  kci-p  together 
in  masses,  seen  at  the  fishing-stations  of  the  herring-fishenes 
of  Great  I'ritain.  They  (like  the  vcndace)  collect  together  into 
masses  (schools;  only  previous  to  their  usual  spawning-season. 

The  circumstances  over  which  this  discovery  throws  light  are 
many.  It  explains  and  establishes  the  striking  difference  ob> 
servable  in  the  herring  whilst  feeding  on  the  entomostvaca,  and 
in  hi^  condition  with  the  stomach  and  intestines  seemingly 
constantly  empty,  and  as  if  purposely  prepared  and  deansedt  con- 
trasted with  the  honing  wh«i  out  of  condition,  as  it  always  is 
whoi  near  the  s|Miwning-8eB8on»  and  feeding  not  unfiequently 
on  the  fiy  of  odier  fishes,  and  on  that  of  its  own  species»  its 
atomach  and  intestines  loaded  with  putrescent  debrU,  itsdf  as 
an  article  of  food  insipid,  soft,  and  useless.  All  these  are  facts 
which  flow  from  one  discovery,  and  which  must,  I  think,  in  time, 
on  patient  inquin,',  lead  to  important  conclusions  relative  to  a 
question  wliich  all  must,  1  trust,  allow  to  be  national. 

It  was  not  indeed  to  be  expected,  tiiat,  in  tlic  total  absence 
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of  ])ositivp  inquiry  and  of  fixed  resnlt<?,  any  legislative  enactments 
were  likely  to  prove  bencHcial,  or  ough  t  ever  with  propriety  to  have 
L)een  attempted.  PENNiLNT,our  illustrious  British  naturalist,  but 
a  few  years  ago  traced  the  progress  of  the  vjLSt  slioals  of  herring 
froiu  the  Northern  Ocean  and  froin  tlie  Poleii  to  the  British  shores, 
evidently  labouring  imder  the  enoiieous  impvession  that  they  al- 
ways kept  together  in  masses ;  and  this  statonen^  wbicli  at  the 
time  most  persons  aasmned  to  be  a  fiwt,  is  noif  dedated  by  the 
oompilen  of  wodb  on  Natural  Histoiy  to  be  a  meie  ftble  and 
nmianoe.  F^»m  ilua  great  and  leading  the  diacoreiy  of  tb^ 
proper  food  of  the  herring  and  corregonus,  flowoondderations  of 
a  nature  which  it  would  be  difficult  at  the  present  moment  fully 
to  state.  The  extremely  erroneous  notions  of  its  habits  and 
hfibitat  become  easily  corrected,  and  its  state  both  previous  to 
and  ;iAor  visitinij  our  slior^s  fully  appreciated. 

But  a  full  imiuiry  irito  the  natural  ;iiui  im  oiiomiral  history  ol" 
the  herring,  is,  I  fear,  Innond  the  reach  of  any  owe  whose  time  is 
necessarily  so  fully  oecuj)ied  as  mine:  it  would  uLso  be  a  trouble- 
some and  expensive  itKjuuy,  and  wuLdd  lead  nie  away  trom  my 
proper  business  and  pursuits  into  a  field  of  boundlciis  national 
utihty  no  doubt,  but  devoad  of  all  penonal  interest  or  adrantsgew 
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EXPLANATION  OF  PLATE  XI. 
IfiQ.  I.  Food  of  the  dean  Sftfanon.  The  JHerku  ghMb,  or  Craw&b,  lien  w 

present^!,  is  tlie  most  common  of  its  kind.    The  dorsal  integumentary  snrfar c 
has  been  cut  away,  together  with  all  the  intcmtd  soft  organs,  except  the  o%'a, 
and  consequently  the  tkv  given  i»  that  of  the  skeleton  of  the  internal  abdo. 
miiMl  «Riif«9e<  'rheioinidiiasmdfennlyiTeriijai^oiKflli*^^ 
represented.    The  ova  (c),  inclosed  by  an  extremely  delicate  o^-idiict,  have 
been  drawn  out,  in  order  to  display  their  appearance  more  completely.  In 
the  living  animal,  they  occupy  the  groovat  on  each  side      meMal  line  of  each 
injr,  and  are  of  ooune  entitely  oonoealed  until  •  section  la  made. 
a.  The  finished  ray. 
6,  The  central  opening  of  the  animal. 

The  ova,  which,  in  the  recent  state*  when  fullj  developed,  are  of  a  rich  cream 
oolonr.  Tbqr  tom.  («itli  the  Cjggs  of  other  Aetinodemiata  and  Cnie  taoea) 
the  food  of  the  saltiiun. 
Note. — In  these  animals,  the  ova,  during  their  progress  to  complete  de- 
velopment, pass  through  a  great  variety  of  colours,  but,  when  fuUy  formed, 
assume  invarialdj  the  distinguhihhig  diade  observed  in  the  adult  adnaL 
In  the  Kelt,  for  inatanoe^ « ipeeiea  hnving  ddrteen  t»y%  Ihe  oiva  ate  of  a 
bright  dear  vermilion. 

Fxa  It' Food  of  die  HcRUfttakni  off thfe  labor  May  during  the mootb of  Do. 
oember  18S8. 

A,  Natural  size  of  the  adult  full-grown  animal. 

B,  Magnified  view  of  the  most  perfect  specimen  which  could  be  found. 

C,  Magnified  view  of  a  detached  sjnne,  being  appendages  of  the       and  feelers 
of  the  adidt  aidmal:  th^,  loeelhar  ivMi  tho  tertaoeoos  osaes  wnaAag  the 

body  of  the  animal,  form  the  brownish  layer  found  in  the  stomach  of  the  clean 
herring,  as  mentioned  in  the  text.  Thousands  of  them  weie  nsised  on  the 
point  of  a  delicate  silver  probe. 

Fm.  IIL  Foodof  dieVendaee»takeninlboCMtleLocliof  LodmalNn  18th  0qi» 

tembcr  1832. 

A,  Natural  si^e  of  the  animaL 

B,  A  side  view  magnified. 
The  anImuHi  or  ftdeK 

hj  The  eye. 
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Fig.  IV.  Food  of  the  Vendace,  from  the  aame  locality,  taken  14th  December  188S. 
A|  Natunl  aue  of  the  aaimaL 
B,  Vieir  fiwD  bdiindf  magnified, 
a,  The  antenntt  er  ifaden. 

6,   Tile  eye. 

i.'.  Organs  of  a  reddi^  colour,  8uppo«ed  to  be  the  ova. 

Fio.  V.  Food  of  die  Vendaoe,  from  tlie  mrae  locelitf,  fakm  7th  Septenlwr  18M. 

A,  Anterior  segment  of  tlie  animal,  riiagriifief!,  ant?  viewed  from  behind.  This 
portion  is  conunonly  found  in  the  stomach  of  the  Vendaoeb  detadied  from  the 

.  body  of  the  ammaL 

B,  SMeifiew  of  tfie  adult  «iiiinel,megiiified.   The  moat  perfbet  peatmen  IitdMflo 
observed. 

a.  The  antenna;  or  lieekn. 
6,  The  eye. 

,  Cy  Qcganaof  aikh  oaange  oolaur,  anppoaedtobetlieova. 


The  ibUoiriDg  prepanitiona  wcfc  exlubited  dmiiig  die  madiiiff  of  the  papan  (0 
d»  Jtoyil  Sodety,  and  will  be  fimnd  la  my  Muaenm: 

Ma  £.  Ova  of  the  Salmon,  t^kcn  ftom  the  qwiniiii^^ied  in  a  tributary  ttieam 
of  the  Tweed  Slst  March  1832. 
&  Dittos  fimn  dilCo^  Si  April  1888L 
4.  Ditto,  from  dittos  16th  April  1832. 

&  Smoult  (averRg?  size  of  five  ot  ut  donn),  taken  from  the  aame  atieam 

%2d  April  1833. 

7.  Viaoemof  a  Svaoult,  eadubitiiiig  die  devdopment  wUdi  baa  already  taken 


&  Sptriiiu'iib  of  the  Caligiis  productus  and  Ganglia  curtuib  from  JBeriinga 

taken  la  staktvnets  near  Annan. 
9.  SkelelonofnGrilae. 

10.  Food  of  the  Salmon  whilst  in  the  tm> 

11.  Skeleton  of  tlie  Astcrif!  placialia. 

12.  Skeleton  of  the  Astenu  papposa. 

15.  Food  of  the  herring  from  dm  daqi  aei. 

14.  Viscera  of  the  Herring  wkm  UfHm  eufOakm. 

16.  Skeleton  of  the  Herring. 


place  in  the  ova. 


16. 
Vt. 
1& 


rood  of  the  Vendace. 
ViiGaEn  of  the  Vendace  at  an 
SkdetaB  «f  dm  Tendnoe. 
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APPENDIX  TO  PART  11. 


I  nAvm  ervr  olkerTed  Am  fMd  inaotinl  &1iennen,  dMna  wboM  exp«ri«ra»  fa  nMt 
•Kteiutve,  1i  <  ^  i  iiforroly  stated  tbe  aatnre  of  the  food  of  tiie  herring  to  be  most  mys- 
terioiut,  antl  have  denied,  with  the  pertinacity  cxcnsable  to  truth,  that  any  food  ncog- 
Disable  by  ordinary  ught,  can  be  detected  in  the  stouuch  of  the  herring,  if  the  fi»h  be  at 
■n  in  loUmU»  emditwii.  Tliey  knmr  that  oooaaioadly,  and  In  •  few,  tbe  hj  of  otbcr 
6t1ie»,  and  even  of  the  herring",  might  he  found  in  their  8tomach<  ;  ^"f  t^i"  "''^  n-uch 
judgment,  they  considered  as  in  no  shape  connected  with  tbe  actual  nature  of  the  uHinl 
{vapwftodof  ttekerriiig,wbilMiiitIiadeapsew,«reTaBaiioDTeoaito.  Th*  pfwadng 
discoverie*  shewing,  that  by  the  microscope  alone  (an  instrument  of  course  never  used 
by  the  practical  fisherman),  that  peculiar  ToimI  <>ii  wliich  tlu>  good  qualities  of  the 
herring  seem  to  depend,  and  which  they  seek  for  at  a  distance  from  oor  shores,  confirms 
tbe  jodgMMtof  thepnetioJ  fialiBniwD  and  nnVraased  obsetTW.ancaanMied  widi  tnkfa, 
■gainn  the  coarse  and  ill  digested  remarks  of  the  half  educated,  who,  misinfoniipd 
almost  on  erery  point,  commence  by  mppomig  that  lierriqgt  mnsi  live  oo  fishes  smaller 
tbn  theauNlTes,  young  crabs,  lobsters,  and  In  iboit,  wlwieTer  tbey  can  catch,  foiget- 
tiag',  ait  the  HBM  tina,  and  not  being  able  to  understand,  (hat  the  discovery  of  the  food 
of  the  vendncr  ( arrrfijonm),  dt^ide.s  (lie  i/iiestion  as  (o  the  Jbod  of  its  aliitd  yoius  the  TJer- 
rittff ;  and  on  the  real  food  being  discovered  and  pointed  out,  together  with  the  er- 
remoiDa  naton  «f  tbair  itateaMate,  fudi  by  aMartlag,  with  amailsg  afltoniery,  that  lb 
food  of  till'  herring'  had  been  known  to  all  scientific  men  for  centuries  I 

The  deplorable  obstinacy  and  obliquity  of  reasoning  which  lead  to  aa  aesertioa  of  tliis 
kind,  heeome  maatfett  bjr  ootttldering  the  following  very  brief  aeooant  of  tbe  moat  M- 
i^ent  inquiries  into  the  food  of  the  herring,  as  contuin<.>d  in  a  work  of  easy  ai  rcsK  aad 
of  the  liighf^t  vnliir — the  Transactions  of  the  Highland  Society  of  Scotlaml.  The  ct- 
tracts,  i  iiui  aware,  will  neither  silence  the  peendo-phiiantbropist  nor  the  poputarltf  edu- 
oMMfnunt  but  it  will  eenTiiiea  any  napggjndieed  petaoa,  tiwrt  aMiUwia  Mhe  thoee  abwre 
alluded  to,  are  without  the  slightest  foundation. 

The  replj  of  the  practical  fisherman  to  the  ill  fowtded  assertion  of  the  half  odncated, 
who  pretend  «a  aaqa^taooe  wHh  the  naamal  fiiod  of  the  herring,  vondaoe,.  salmon, 
Ac.  was  eleari J  ezpraased,  and  nearly  in  the  fiiWawlBg  tniim : — 

Why  is  it,  say  thny,  th  it  thou!>.inds  of  prime  salmon  have  been  opened  and  the  sto- 
auwh  and  intestines  found  inrariably  empty  ?  Why  is  it  that,  if  the  herring  be  in  good 
eoBditUmandfitliirtbefiDod  of  BBB,  the  atooaeb  and  ktartiaar  paeaant  Ibe  aamo  ap* 
pearanco  as  in  the  salmon, — that  is,  empty  apparently  of  food,  with  clear  and  temitrans- 
parent  tunics,  free  from  all  symptoms  of  patraKesfie  and  of  coarse  intestinal  ptodncta, 
a*  if  they  had  purposely  been  so  prepared  ?   Now  the  fisherneo  not  knowing  atet  to 
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■nlw«r«llllik,aMrt1wUl7dMtkaNflililiv*liy  radiw;  nwemrtmad  to  aMM^  s 

proci»i?  iiuMuitiig-  to  his  language,  this  word  fucfum  come.i  in  tlic  place  of  an  idea,  though 
it  be  in  thi»  particular  caw  a  phntM  altogether  unintelligible ;  but  if  tbey  rwUjr  attaok 
any  meaning  to  the  word,  they  imu  that  tbe  berring  liret  iSUit  the  mod*  «f  pint*. 
Madun  q^itematic  works  on  natural  history,  so  far  as  I  hare  been  able  to  obwrvei 
maintain  a  profound  silence  as  to  t!i*<  fond  of  tlu'  herring,  and  indeed  their  observations 
gftuenJly  shew,  that  no  dependence  whatever  can  be  plaoeU  on  any  pubUabed  accouat 
of  die  nMnnl  butoij  «r  tiris  noat  inpoMant  Aah.  Ib  aadi  works,  all  iiMntiao  of 
Ibod  la  ailber  umiltcil,  or,  what  is  much  worse,  mittalteo,  and  consequently  thair  lialiilB, 
and  I  may  venture  to  say  also  their  habitat  or  place  of  residence  in  the  ocean. 

The  Rev.  Dr  Walker  observ  es,  "  that  he  had  examined  the  ittomach  of  herrings  at 
diflbnnt  aoawwn  «f  dio  yaar,  withoot  findbig  in  it  any  sort  of  palpable  alimant.'*  P.  S74. 
"  On  their  first  .■l]^p^>■lT^nu■l>  oft"  slic  T^ewis  in  the  month  of  July,  when  they  were  full 
grown  and  very  fat,  nothing  appeared  in  their  stomach  but  a  little  slime."    P.  275. 

Darby  fhe  randaaea  of  the  berrhiga  on  tho  eoant  of  Sootlaad,  ii«  Imoir  of  ao  fiwd 
tka]f  Me,  and  it  is  probable  they  require  little  or  none,  except  aana attaaoatad aliaiaB* 
tary  matter  which  the  sea-water  mHy  ufTDnl  tln-m.*'    1'.  li/'i. 

"  We  think  it  not  altogether  improbable  thai  they  may  live  on  a  small  species  of  me- 
doMiOrionoainnlarnatincaainadtwIilali  foaotaayatloiowatoiHrtinaliata^  P.976*, 

^Tr  J.  ^!Al:•K^;^■?lK  asserts-  that  "  it  hft«  been  frequently  ohsFTvrr!  tdat  the  small  fry  aach 
their  uutritiou  out  of  the  marine  alge,  or  from  some  matter  adhering  to  them."  P.  SIS, 
Bat  it  ia  almoat  tapaiAiioat  to  nmark,  aotUoy  of  tha  Und  lua  daae  boen  otaanrad  by 
any  onc^  w  ftr  to  »  recorded. 


*  ('■mtrast  tfii-Hr  <i-.itinu'i  oV-siTvations  nf  this  «trii'tl_v  curMt,  SM-it-ntlfic,  ami  uuiiJid  pri*:>ii,  and 
the  opiiuuiu  ui  the  gt  utkmcu  whu  t'oUow,  nitli  Uit:  fullawing  "  tipkiuuis"  of  perwins  mtmamed  ptac. 
tieal  men,  and  who,  having  suld  herring*,  and  at  one  period,  perhaps,  attended  a  ooatae  Of  WctuiCS 
OB  natural  history,  fimcjr  themselves  comfttant  to  >paak  and  write  about  soologkal  mattara.  A  per- 
am  of  this  Und  (to  vlunn  I  have  mplMl  elsewhere)  has  made  llm  fiiUnalng  tiitraaiilhiirj  itatr  mcnw 
an  J  Jlsc1:lvcri^■^' 1st,  Tli.il  "  tlif  Bi.ivinly  System  plufL'il  tbo  Scuttbli  herrings  in  direct  and  cucceM- 
ful  competition  with  the  berringt  cured  hj  the  Dutch  iu  luu^t  of  tlie  mttriieUi  of  the  Continent."  illj 
lartf  ii^  that  th*  wkole  of  the  exports  of  herrinip  from  Dritain  to  the  drntlnent  of  Enrapa  la  IM, 
aaiaunted  to         lianelsb  and  tliat  tha  Sutdi  tmda  to  GeraiMV  alana  astd  to  be  1^ 

2dlv,  He  aaanta  tbat  •*  the  Dotefc  llab  elnse  to  our  own  shorta.*  My  UMwaris,  that  1  knowtlir 
cemrary. 

3<Uyt  Ue  states  that  (he  inferiorily  in  "  the  Scottiab  heirings  at  some  localiUea  ii  owing  to  their 
net  being  bled  er  gntted  hnmedtetely  whew  tafcuaatafthaato.*  Ify  wwir  lib  ^  tha  I^d^fine 

hi'rniip  uri'  Die  tx-it  in  Srotlaml,  ami  thejUVnit  plttHii  it  ill.  SB  ftr  M  I  ItI  Ohwrf ail  J  fh*  gills 
anj  heart  r.iertW  »eem  lo  i>c  removed. 

4tlih ,  He  affirms  that « the  eatooiMtnca  are  jawywwte  lad  Mmt  t"  oldch  ta  Jait  aslf  wc 
woe  to  say,  that  aheap  am  ]nmqg  raai^  not  yat  gnnra. 

ethlj,  He  has  adaqwrted  the  Report  of  the  Herring  TldierleB,  mi  AoaUj  asaerted,  that  ''the 
fiiod  uF  the  herring,  as  1  have  desiritjeil  it,  was  Itnown  to  acientifii:  men  for  hundretis  nf  yfarn."  Iti 
11(33,  i'rofvssor  IIkmxie,  of  tbt'  King's  C'ullc^-,  London,  declares  the  food  of  the  herring  lo  be  alto- 
geHicr  tuftaown :  but  a  pcmnl  of  the  quotations  froai  the  Transactions  of  the  Higldaad  Sodtty  will 
<eavinee  mj  readers  Unt  I  oanU  not  trust  myself  with  a  reply  iuited  to  such  an  amrthm 
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1lMCompikr«r  ikt  trtlda  **  HwriBf  FUusAm,'*  in  the  SoppIeneBl  to  th«  Bnejw- 

Brit.  ji.  5')7,  irivc*  a  very  amiiainf^  account  of  tlie  habits  and  f"nd  of  rKe  hfrrinff ;  unfor- 
tunately though  very  romantic,  it  is  an  error  firom  bcgiMuing  U>  eud.  "  It  has  been 
generally  thonght,"  olwervca  tUt  tngealeiH  writer,  iriiMe  nvne  I  do  not  Inoir,  "  tint 
their  winter  kbitotion  is  within  the  arctic  oUk^  nder  thoN  veutt  fisildi  of  ice  which  cover 
the  northprti  orenn,  whvrc  it  fattcii^i  on  thf  twanna  of  shrimpg  and  other  marine  insects 
which  abonod  in  those  seas,  and  which  afford  also  the  principal  food  of  the  whale.  Here 
h  is  sappoaed  thojr  dcpont  their  spawn,  smdonthe  retam  of  the  sun  towards  the  nortli* 
en«  hemisphere,  again  msh  forth  la  thoie  mvltitadiiiow  lieite  whiA  «med  tho  power 
of  the  imegiaelioB  to  conceire." 

FABBiciim,  in  Ida  I^miui  Gnralaadicn,  1780.  p.  188,  ny*  of  tlie  <*  dopee  Herengii," 
'f  Do  eibo  cjns  nil  rerti  indioere  foeo  dmm  umiqiMB  eaoun  in  Tentriculo  ejus  inreni." 

"  Oil  what  they  live  (observe*  Mr  Dnt  HMovi),  p.  7.  vol.  iii.)  we  can  mh  form  » 
ooiyecture.  I  have  seen  their  stomachs  opened  at  aU  seasons  of  tho  year  in  which  tliey 
het  nerer  Ibind  iny  lUnf  in  than*  oaeiipliBf  eonw  iliioy  entter.  Tlie 
same  peculiarity  is  to  be  found  in  tho  whole  g^niis :  it  in  (o  be  observed  in  many  fi»h(>s 
that  while  tim  tnOts  and  roes  are  in  an  increaung  statc^  th«y  are  very  careless  of  food. 
The  shad,  the  herring,  the  pilchard,  the  smelt,  oome  to  HI  aU  ftt,  and  daily  dediflO  until 
they  leave  w  whm  ehotten.  A  friend  of  mine^  wIhbi  el  Lock  Lhyim,  neer  Pbrt  Wil> 
liam,  thw  season,  upon  the  arrival  of  the  boats,  cnt  up  mnv.v  }i<'rrhigK,  hx\i  never  di*- 
oorcrcd  any  tlung  in  then-  stomachs :  tlie  fishermen,  however,  assured  him  that  they  tre- 
quently  got  m  tin  fiml,  or  speat,  Ml,  eovctel  of  llidr  own  fiy,  Hod-eeb,  fte.  Tt  hii 
b««n  aititerted,  that,  to  the  northward  of  Shetland,  they  feed  and  fatten  on  a  species  of 
medu«a  wluch  is  to  be  soeo  there  in  great  abundance.  I  cannot  help  combating  this 
opinion,  as  I  have  obserred  Tariow  Uabbers,  CNpenaOy  that  Idod  eeDed  hy  saibrt  the 
Portngneae  Mm  of  War  floating  in  the  Adaaitk^  where  different  flihee  ewum  around 
it  aiifl  never  offorfd  to  touch  it.  I  nevrr  took  any  of  thcisc  blulihors  in  my  httn<i  without 
having  it  disagreeably  blistorodi  I  u&tur&lly  conclude  that  they  cannot  b«  a  delicate 
nonal  fiir  the  hemng." 

Mr  Drijmmon-d  was  the  first,  or  among  the  first,  to  questum  the  vievn  of  Mi-  Pi:\- 
VANT  r(>garding  the  migration  of  the  herring,  denying,  on  probable  grounds,  that  the 
range  of  its  migration  was  so  extensive  as  thi^  dL»tingui^ed  naturalist  imagined,  and 
viewing  tiM  nodone  «r  it»  prBeeedlaf  eadi  nigni^  towaidc  the  ioyeeaa  of  the  Aretie 
circle  na  a  tnoro  fuWo.  On  llic"!o  f^onnds,  and  on  these  alone,  I  think  lie  advocated  the 
deep  sea  fishery ;  what  I  mean  is,  he  asserted  that  fish  found  in  deep  water  are  adtnow- 
lodged  to  ho  enporior  in  quality  to  Aoee  caught  near  the  ■hores ;  and  that  the  deep  aea 
flaUng  would  prove  a  valuable  nursery  for  seamen :  with  tho  latter  qncaUoii  I  have  no- 
thing to  do  in  thi<^  incinuir :  the  former  opinion  is  alio  Utne^  hot  on  gltnuda  entirely 
different  from  those  advocated  by  Mr  l>Ri.'M]ioi<D. 

The  reaaon  whj  the  fbod  eotdd;  not  ho  Aaeorefed  by  ptoeeiBay  ohaerren  wiO  ho 
r»M<IiIy  iinderjstood  hy  n>oM  of  my  rcadrr-i ;  it  next  to  an  iiii]>os»lbility  for  any  other 
than  a  scientific  perston,  who  h.id  examined  the  whole  range  of  the  animal  lungdom,  to 
make  out  Hhn  inquiry  i  for,  fint,  we  hare. seen  that  It  nqdiva  a  certain  degree  of 
anatomical  knowledge  to  exandne  the  stnmachaadiatestiflce,  andcontiderable  dexterity 

e 


ike  Salmon,  Herring,  and  Vmdaee. 
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in  Uie  iiM  of  micrwMojte*  uf  diiftit'eut  fucM— ■}  Movadlfi  extoiided  soolugicai  kiH>wletl|^e 

■■Iwiw  iiWy  wlw  Imd,  tt  at  leM*  $Hid  he  had,  exudnad  thoMuda  and  thousands  of 
•ahnon,  and  yet  wat  to  ignorant  aa  to  miitake  the  tape-worm  for  the  food  of  the  sal- 
noo  1 1   And,  laatly,  ia  th«  firaaeBt  iaataoee^  the  poMibility  of  mutaldag  the  MitooMW- 

dentaL  I  am  aware  that  there  are  many,  whose  regard  for  accuracy  in  scientific 
■tatanwmta  baiag  eztraBiely  coame  and  loose,  will  not  only  assert  that  they  had  «%• 
tmhuA  Aa  atwaacfc  ot  lha  herring,  but  had  ako  seen  its  food.  The  sight  of  tbeae  p«r> 
aaw  iBirt  Iftf*  ben  anari^gljr  ifliili^  k  1M^g  acrtem  ^  not  ute  a  mkfompa  / 
nrrrmH/tff  to  thrir  ancottnt  they  have  seen  toiA  the  noMtd  tight  objects  w  Lich  became  Tlslblc 
to  others  only  by  means  of  ghiases  of  1^  powers  1  But  this  is  not  aU.  Having  seen 
O^jaeli  without  nioroseopea  wlnali  oaa  anlj  \m  aaan  through  thair  aid,  llieyt  m  Aa  aaat 
fanage,  assert  that  nothing  of  this  kind  exists,  and  mingle  np  their  cmde  notions  of 
acientific  matters  with  the  strongly  l>iii.'<Kt>c1  notions  drawn  from  trade.  The  r(««nU  has 
been  partiatUrly  described  by  Mr  Babbaos  in  his  admirable  work  on  Manutkctures,  to 
wiuch  I  \teg  laava  to  refer  the  readav. 

Herring!!  aro  rtatiu!  to  hivf  fir'f  npjt^nred  in  ronsidernWe  nrimlinri  in  the  Firtli  of 
Forth  aboot  1794.  The  benring-fishing  managed  by  boats  front  Berwick,  bnt  a  coa- 
aidanUamf  toAa  aoiiA  af  that  port,  appeared,  ia  1881^  to  ba  r«ry  anoaeaaAi],  and 
waa  ooadiMted  with  great  aotirily. 

Spatcnmff  Seaton, — The  herrings  brought  to  Edinburgh  in  the  banning  of  August 
in  161HI>  aad aaid ta  aaaa 9nm.  Dibar,  might  oat  ta  hara  appaarad  fa  any  aarfcat; 

they  w<->-.  •.rtt>«)ut  doubt,  the  first  which  had  been  taken  off  that  coast ;  tJiey  were,  in  the 
mean  timo,  actually  spawniag,  autay  of  them  had  already  spawned,  so  that  the  taking 
tham  wa%  ta  aay  fha  kaat  af  it,  extranely  impropr  *. 

The  herring  uken  on  the  w<>!«t  coast  of  Scotland,  in  and  ahoM  Ika  lakes,  are,  so  far 

ft«i  I  can  lenm,  and  in  some  trne  Lochfine  salted  hf-rrinc-,  I  havp  poTSonally  <ibifrvcd,  in 
a  totally  different  state  from  those  taken  on  the  eavt.    i  he  feviliug  ground  is  evidently 

imprdhaWe  that  the  fcmd  of  the  hcrrin^f  may  he  found,  either  in  the  lakes  or  at  no  great 
distance.  Certain  it  b,  that  these  herring  are  rery  generally  in  prime  ooaditioB,  more 
paittealariy  wiwa  pfoenradwi  die  spot ;  uadwIieBtalHnattbapnyartiBia^araiBaTCry 
leapaetaBBke  those  eaoght  on  our  eastern  abofe;  on  tha  kMar  locaH^ iBMBf  anv  irim 
takf>n,  nearly  ready  for  Kpawning^  at  the  momant  aif  tlwir  aiptara ;  an  tfia  wait  aaaat  (ha 
organs  of  generation  are  bat  little  developed*- 


*  .Since  reading  my  paper  to  the  Society,  I  observe  somie  sttempta  are  making  to  luiproresor  VBI7 
the  moie  of  preparing,  the  herring  for  t]i«  market.  I  observe  some  offered  for  sale  kippered,  with 
Ihe  whole  risoera  sad  oigao  of  generation,  Ac  anttialy  removed;  but  these  herring  are  not  good 
M,MtU(iii9ta»»MtlMpnptr«mamidflmft  It  la  a  ^  tilA  af  tnds^  warthj  af  lla  lavaatari 
and  of  piMis^y  tbasBawBatuiaaathatafpailBf  af  lalnHndnrtBgaaaiwrthaaf  OctabaraoA  Na> 
vataber. 


VOIm  XII.  VAU II. 
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b  tbe  itoiaach  of  the  licnring,  wbra  in  good  ooDdiuon  (and  thk  may  be  roMlily  known 
from  their  eactenul  appemaoe),  Ae  ronlm  of  Imndredf  of  BUBOto  BnComoiIrM  iHty 

be  found, and  noAmgelte.  All  the  intrrruil  orgiuiit  Roem  piirifie'd  and  i«i>mitran»parent,  tbe 
iittimMih  cootrM^,  and,  though  examined  with  the  ordinary  botanical  nakracope  vt  nato' 
nUttMt  ifpiT  ampty,  tbe  imMT  mahtB  being  covered  only  with  felMil  emliiigaf  (Iwwwl 
amwa  whalnwe,  and apread  ovor  tfciasliyat  af  •  bruwnlab  coloured  subataMe;  At 
brown  <!ub<>tan(>(>  i!i  enmpcMed  of  the  testaceous  cases,  antennas,  and  feet  of  animals,  none 
of  which  animals  altogether,  when  entire,  exi»eding  the  7-12ths  a  lau.  When  the 
IwRiiigtalMtoocluor  Jbod,  aa  fha  fiyof  teria^  Ae.  mAiMAlnufm^hdmm^ 
t^er  being  tome  time  onlhecoaily  the  stomach  becomes  distended,  aa  it  WfM;  Aa  iriaola  of 
the  internal  organ*,  iilt1i<iti^!i  t>xainin«^  within  three  hours  of  b«nj^  taken,  are  noft  and 
dirty ;  they  run  almost  iiutautly  into  pntrescence,  and  in  the  very  beat  prepared  ber- 
ting't  dlher  m  red  or  wltad,  tha  mih  aad  roe,  wbicii  ia  geamtHif  left,  I  obaerre  lelava 
become  more  than  half  putrid ;  and  the  ln^rritif?'  if«p!f,  a«  an  article  of  food,  rrallv  ^ooA 
for  nothing,  and  in  troth  is  only  used  u  fuo<l  by  the  poor.  The  fi^ennen  tkcmHeive* 
hava  an  aibaoveMtioii  Aa*  dw  hacrk^  b  Ukm.  ia  dUiaraM  atMai»  aad  they  say  thai 
those  taken  at  the  commencement  of  tbe  season,  at  Cuthneaa,  ftc.  wiU  scarcely  salt,  ow- 
ing to  their  extreme  richnea*.  It  is  probable  that  theae  herring,  if  carefiilly  prepared 
aad  pickled,  would  bring  a  very  high  price.  Persons  aocaatooied  to  eat  Lochfine  aad 
Ladl0Bfh«rb(9i  win  net  eat  any  other  kind;  and  I  wiU asw pMdkt  that  the fnaality 
of  herrings  takvn  there,  and  which  may  havp  takm  to  the  fry  of  their  dwti  "pedes,  will  be 
fimnd  in  an  inverse  ratio  to  those  taken  in  the  firth  of  Forth,  although  the  eatOBoa* 
tfMaiato1i«ga*bernearthaF1rdi«r  FmA,  httkaDpnlhAaitf  hlaHahandHMai 
or  it  may  become  scarce,  from  the  qunntity  of  hcrrinft:  congregated  into  a  narrow  space, 
the  heniag  hanag  approaclied  tbe  aborea  of  the  Forth  for  the  apedal  poipoee  of  apnwa- 
ing. 

The  pecoliar  apedea  of  entomoatnca  wbidi  I  havn  detected  in  the  hcnfaig  of  oar 

itjast,  i«  difficult  to  detprmine  ;  they  are  iiiv.irialily  very  mnrh  broke  up.  I  cooaider  them, 
however,  to  approach  very  nearly  the  cyclops  of  M.  Dmnerii;  and  it  ia  sufficienUy 
alrihhig  t»  ohNTva^  thi*  the  vandaea  H  Mag  b  tha  fi«A  w 

a  similar  aahnaL  Mcller  also,  in  his  work  on  the  Eutomoatraca  seu  Insecta  Testacea, 
pvm  a  drawbg  of  an  auinal  to  wUch  th«  datw^ad  pertioM  fbnnd  in  the  ttomach  of  the 
herring  bear  a  strong  rrinBiMaawt  Ha  deaerihaa  it  ia  tha  ftOewing  terms : — "  Cfdopa 
hwikanua,  antennis  lineariboa  longissimus  cauda  bifida;"  and  to  tide  he  adds  the  fol- 
lowing remarkable  ob-icrvation,  wliich,  if  foUtoved  ont,  or  rather  j>r»-f  rr!ri1  by  extensive 
adeatifio  reaeireh,  might  have  led  him  to  a  discovery  of  the  real  food  of  the  herring. 
**  In  BMii  Haiaiandila  aUnentl  repetitianiortaHi  GtmaiMm,  tgo  poatan  in  rinn  Drohao 
tioram  ae  in  Tentrieido  clypen  conglomeratos  absqne  institute  eunuaa  vidi." 

Mn.i.F.n  coni>id«red  the  rare  ontomostraca  aa  being  mostly  tbe  prey  of  Hydrae,  &e. ; 
and,  from  Uieir  abundance  in  fir»h  uid  salt  water,  he  conAantly  reminda  ns  that  water 
dritthan  amit  he  eontant  eltea  tn  awaDow  dHNmadi  «f  fbaw  nafaaak  at  n  dnaight. 

In  the  stomachs  of  the  veiidiu  c  »<ent  me  14tli  December  last  (1832),  I  observe  tlie 
little  animal  of  which  this  fish  devour*  immense  quantitien,  is  iwt  the  same  aa  the  one  he 
lived  exdosively  on  durii^  the  antnwnal  aiMiAi.  I  subjoin  •  ditlah  af  thrt  ilrand  Idth 


^  Sabrnm,  Barkif,  and  Vemlaee, 
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Dtembw,  mad  speanmM  can  b«  yiaemd  be&ira      tu«mk«ra  of  tii«  Society,  at  any  time, 

One  of  the  r««ulta  of  thf<i«  inquiriee  I  ^TgilTt  tO  giro  an  importanoa  to  the  diaoore- 
rien  of  Mr  Robf  i  t  Bt  iv,^ti,  which  they  did  not  seem  prcriously  eutitlMl  to  ;  and  likewisM' 
I  admit  freely,  au  unportanco  to  microaoopio  reaearcfa  agaiml,  which  1  waa  myaelf  a  few 

In  all  tht-  htTring  I  have  ex»mint>d  lu  the  course  of  thi*  inquiry,  I  have  fonnd  malo 
and  ioBuia,  the  nomlMr  greatly  pr^nderating  in  faTOur  of  the  Smti*,  in  a>  much  aa 
rfKlvam.  The  Iw'gMt  teriiiy  I  hare  mat  with  muaitni  ttotwi  IndMWt  the  laigit 

nule  herring  I  faavo  met  with  measured  nine  and  a  half  inches.  The  sanio  ia  the  caN 
with  the  vendace  of  Loch!iTH)»f>n.  Tlii'  pr'i[)f<rti'iri  i^i  ftivntir  of  fpiniJes  ii  trri'Rt.  that 
I  was  the  first  to  aitew  tho  stale,  and  1  Itave  iiut  found  any  inai«  to  exceed  7  incliea, 
wheieaa  tiia  ftmale  are  oAea  8^  or  0  indiea  hng.  Tho  ergana  of  g«Mndati  were,  in 
the  gret  ter  number  large;  in  a  few,  however,  they  »eemed  at  the  minimum.  In  these, 
(t.  c  with  the  organ  of  genentioo  sot  iacreiaed),  the  meaentery  waa  ooifbrmly  loaded 

•  atale  IB  NWad  to  m  to  require  little  or  no  denning  befim  Wag  aied  m  food.  The 
«pleen  was  generally  rnmnrk^blv  large  and  fleahy.  Tbia  4tpB  MMM  CVW  lO  kcof  dif- 
ferent forios  iu  di^oreut  vpuoimeua  of  tike  lieiriiig; 

DtJcJi  TTrrri-rujf  and  Modf  of  Cure. — Thf  Dutch  fnkn  and  cnro  had  hfirrings  aa  woB  nn 
good  oue$.  Thia  they  moat  of  neoeaaity  do  wlieu  the  buaaea  approach  TCiry  naer  to  the 
qnwning  gruuudt  wUoli,  hswerar,  it  mUbb  As  4M6>  Ihlfr  MkMlBBt  kwtfWi  It  Vivy 
«anAlljMad%  or  at  leaat  it  u-sed  to  be  to.  fjaJI—J  A»m^^  tm.  Mt—y  y 
tbe  prosperous  days  of  "  The  St  iti 

It  ia  very  qaeationable  if,  opou  tlio  «astem  idtorea  of  Scotland,  any  oonsiderabie  take 
efpwfcady  dan  arf  priM  eaiMeMd  Witi«%  «ad  wUoh  an  MkW  M 

ever  tiikc  jl.u c  TIiih  Vv.iA  tif  fishing  seonia  to  mo  to  btw  the  »aine  relation  to  the 
deep^a  fiaheriea  of  the  Dutch,  wiuch  the  aalnKm-fiathifig  of  PeeUea  beara  to  die  atake- 
Ml  iabcriea  of  Ae  Bay  of  BerwUc  It  b  easy  for  penmw  ki  toeda^  m  baa  bean 
done,  to  aaaert  that  aalmon  and  herrings  are  eqnaUy  good  wherever  they  are  taken,  fbv 
with  wich  persons  the  article  they  have  to  dispose  of  is  nhTrtv?  the  Krst-  and.  hnving  an 
interest  in  aaaerting  it,  they  believe  ia  the  aaaertion,  and  Uiua  belioviog  they  will  awear 
to  it ;  bat  noOiiig  «r  dl  Ah  hw  any  tUiig  to  d*  tilth  ctiMtiflB  trathi. 

Trade, — One  great  aod  maitat  error  in  tba  egadaetiiig  the  Britiab  Herring  Ilaheriea 
baa  been  tbe  eadwiaailug  to  aahe  that  appeal  to  \m  lAat,  ia  point  of  fiut,  it  was  nou 
UnatiwmHerer  Ae  arlide  Fiaberiaa,  b  tbe  BbeyidopaMb  Britanueai  aa|«  «*InAe 

R<>pirt  of  the  Dowtw  Society  of  Flahermen,  it  is  gtatr-^l,  t}int  hrrrlngs  had  ^'-m  f:»Ven 
within  the  Cinqne  Porta,  of  a  q[iiality  ao  nearly  reaemUiug  the  d««p  sea  fiah  that  they 
wmeved  and  wUae  the  beat  Dntehbarrbga.*  P.S65.  Tbe  eflRBole  of  tUe  Und  of 

conduct  on  British  trade  and  British  manufacture,  ha^s  been  shown  by  Sir  Chakles 
BATinAOK  to  bo  most  deplorable.  "  We  brought  M-ith  us  from  England  nearlv  lon.(MX) 
neediaa  of  varioas  siaes,  and  amongst  them  was  a  great  quantity  of  *  Wlutodiapel 
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>faar|>s,'  warrautcd  superfine,  and  not  to  cut  ia  tlie  eye  !  Thus  iu^hiy  raconflWDded,  w« 

prise  »onie  tlmo  ago,  when  a  Dunibcr  of  item  which  we  had  disixisr  il  of,  was  returned 
to  iw  with  a  oomplaint  that  they  were  all  tytkn,  &c,  ao  that  to  8aT«  our  credit  we  have 
been  oU%ed  to  throw  th«m  tanj,"   LtmKmf  Thivela  to  the  Niger,  p.  43.  Fran 
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Obsermtions  on  the  Lines  of  the  Solar  Spectrum^  and  on  Uiosepro- 
dwxd  by  the  Earth's  Atmosjphere^  and  by  the  action  of  Nitrous 
AaA  Gas.  By  Sir  Da¥id  BBSWBTXitKH.  LL.D.  F.R,S. 
i:«OMD.  V.  P.  £snr. 

-XRead  \otk  April  188S> 

Iw  a  paper  ontlie  Monodminatie  I^mp,  &c.,  read  before  tihli 
Society  en  the  15th  April  IdSStt  and  puMiahed  in  theit  Tianno- 

tions,  I  recorded  some  of  my  earliest  eiperimenta  onllie  acticm 
of  coloured  media  on  the  Solar  Spectrum.  These  experiments 
were  continued  at  irregular  intervals  with  the  view  of  obtaining 
distin^iishing  characters -of  coloured  iiieclia,  of  investigating  the 
cause  of  the  colours  of  natural  bodies,  and  of  examining  more 
correctly  the  phenomena  of  the  overlapping  colours  of  equal  re- 
Irangibility,  the  discovery  of  which  I  had  announced  in  tlu  ■  ]>a- 
j>er  already  referred  to.  The  results  to  which  1  was  conducted 
on  the  two  last  of  these  subjects,  have  been  already  communica- 
ted to  the  Society  in  two  papers,  one  on  the  Analjvs  of  Sohr  light, 
and  the  other  on  the  Colours  of  Naturd  Bodies. 

Hie  first  and  the  principal  olgect  of  mj  inqainei^  namdj^ 
the  discoveiy  of  a  genenJ  princq^  of  dhemical  analjslii  in  wUdi 
simple  andeompound  bodies  might  be  characterised  by  their  ae- 
tbnon  definite  parts  of  the  spectrum,  still  zenuuned  to  be  inves- 
tigated. The  coloured  juices  of  plants-^ — artificial  salts  and  their 
^vt-i^a,  and  various  glasses  and  minerals — had  afibrded  me 
many  beautifiil  examples  of  this  species  of  action,  and  after  deter^ 
nuning  the  locality  of  these  actions  in  leftrence  to  FaAUMnoFsa's 
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principal  line  s  ;iiid  Uicir  intensity  as  depending  on  the  thickness 
of  the  absorijiiig  medium,  and  tlie  brightness  of  the  spectnim  ;  I 
WB8  able  to  distinguish  all  such  compounds,  by  merely  looking 
tlifoiigli  them  at  a  wdl  fimned  spectram.  Even  in  those  cases 
where  the  eye  ooold  leoognue  nadiflfaxenoe  between  tlie  eokaan 
of  two  snbstanoes  that,  exeidsed  difcent  apedfie  actions  upon 
light  lhai  diacriminaiaopwaaiiMiaiittly  rffeeted  hyviMnng  rih«m 
through  a  standard  coloured  medium. 

As  some  of  these  bodies  attacked  the  spectrum  at  iwo^  ArtOi 
faur^  and  even  /ve  or  more  points  at  once^  it  became  probable  that 
the  number  and  intensity  of  such  actions  depended  on  the  ntm^ 
ber  and  nature  of  the  elements  which  entered  into  the  compo- 
sition of  tlie  l)ody,  or,  what  is  nearly  the  same  thing,  that  it  was 
the  sum  of  all  the  separate  actions  of  such  t  leinents;  and  hence 
the  next  step  in  the  iut^uiiy  was,  to  determine  the  action  of  ele- 
mentary bodies  on  the  solar  spectrum.  Tliis  inquiry  was  not  U- 
raited  to  coloured  bodies,  for  it  is  quite  possible  that  a  body  may 
txansmit  light  perfectly  white,  and  yet  exeidse  a  definite  action 
in  ahsorbing  various  parts  of  the  spectnim.  Hie  only  physical 
eondition  which  is  neoesssiy  in  this  case  is,  that  the  sum  of  aD. 
the  rays  thus  absorbed  shall  constitute  white  lig^t. 

The  first  substances  which  I  examined  were  Ai^gAtfr  and 
/cd&ie  Tspour.  The  Sulphur  attacked  the  viokt  end  of  the  spec- 
trum with  great  force,  and,  when  ccmibined  with  arsenic^  in  the 
form  of  pfitivc  orpiment,  its  absorptive  power  for  the  same  colours 
was  greatly  increased.  Even  with  the  thinnest  film  that  1  could 
detach,  and  not  exceeding  the  two-hundrcdtli  part  of  an  inch,  the 
spectrum  was,  as  it  were,  cut  sharply  in  two  lu  ar  the  Ixiundary 
of  the  Green  and  Indigo  spaces,  and  this  body  possessetl  the  very 
uncommon  property  of  having  nearly  the  same  colour  at  small  as 
at  great  thidaiesses.  By  increasing  the  thickness,  the  absorption 
advances  abnost  imperceptibly  fiom  the  remainmg  blue  border, 
and  if  the  transparent  contmned,  the  tmnsmitted  light  would 
certainly  become  iiflrf  at  great  thidaiOBDCB^   a  property  whidi  may 
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be  comiiiuuicaied  Uan.siently  to  the  thinnest  plates,  merdj  by 
an  increase  of  temperature. 

The  Iodine  vapour  acted  powerMlj  upon  the  middle  of  the 
speetrnm,  and,  by  aaineveMeof  thidciiesfl^  gradually  extended  iti 
abH»pCu>n  towards  boih  extremities ;  but  mere  rapidly  towards 
the  violet  on^  so  as  to  shew  that  the  final  colour  must  be  a  homo- 
geneous red. 

In  so  ftr  as  these  two  experimetits  went,  they  were  bii^y 
IhronzaUe  to  die  speculation  which  had  at  first  presented  itself 

to  me.  My  attention  was  now  directed  to  the  action  of  gaseous 
bodies,  and  the  first  trial  whidi  I  made  was  with  Nitrout  Aad 
Gas.  The  result  of  this  experiment  completely  destroyed  the 
hypothesis  which  had  appeared  so  plausible,  and  presented  me 
with  a  phcnomi^iion  so  extraordinary  in  its  aspect, — ^bearing  so 
strongly  on  the  rival  theories  of  light, — extending?  so  widely  the 
resources  of  the  practical  optician,  and  lyin"^  so  ( lose  to  tlie  root 
of  atomical  science,  that  I  am  persuaded  it  will  o\>cn  up  afield  of 
research,  which  will  exhaust  the  labours  of  philosophers  for  cen- 
turies to  come. 

The  speetrmn  <tf  Nbwtoit,  and  of  all  the  philosopheis  the 
18di  oentuij,  was  a  psrallelogram  of  light,  with  dreolar  enday  In 
which  the  twm  ookmrs  gradually  shaded  into  eadi  other  with- 
out any  interruptioD.  The  illumination  was  a  maximum  in  the 
yellow  rays,  and  the  li|^t  decayed  by  insensible  di^grees  towards 
die  red  and  the  violet  extremitus.  In  tlie  year  1806,  Dr  Wol- 
LasTOK  &)nceived  the  happy  idn  of  examining  a  beam  of  light, 
that  passed  thioug^  an  aperture  only  the  twmtieth  of  an  indi 
wide,  and  he  was  siirprised  to  see  it  crossed  by  seven  dark  lines^ 
perpendicular  to  its  length. 

About  tenor  twelve  years  afterwards,  the  celebrated  optician 
Joseph  Fraunuofeh,  without  knowing  what  had  been  done  by 
Dr  WoLLASTON,  obser\'ed  the  s{K*ctrum  formed  by  the  sun's  light 
transmitted  through  small  apertures  ;  and  by  applying  a  telescope 
behind  the  prism,  he  discovered  about  600  parallel  dark  lines 
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traversing  the  spectrum.  As  no  such  lines  appeared  in  the  spec- 
tra of  white  ilames,  Fbaunhofer  considered  them  as  having 
their  <iri|^inf]ieaatiiie  oflJielqpblof  then  Thertioagprt 
of  these  lines  woeaeen  in  the  spectra  of  the  Moon,  Man^and 
YanM^  aod,  hy  means  of  veiy  ^  instrameats^  be  vas.  able  to 
detect  one  or  two  of  them  with  other  new  fines  in  the  spectm 
of  l^ua  and  Castor. 

Such  was  the  state  of  ilie  subject,  when  I  made  the  espei^ 
ment  ahready  referred  to  on  nitrous  acid  gas.  Upon  examining 
with  a  fine  prism  of  rock-salt,  with  the  largest  possible  refracting 
angle  (nearly  78"),  the  light  of  a  lamp  transmitted  through  a  small 
thickness  of  the  gas.  whose  eolrrnr  was  a  very  pole  straw  yellow, 
I  was  surprised  to  observe  the  spectrum  crossed  with  imndreds 
of  hues  or  bands,  far  more  distinct  than  those  of  tlic  solar  spec- 
trum. The  lines  were  slmrpcst  and  darkest  in  tlie  violet  and 
Uue  spaces,  lainter  in  the  green,  and  extremely  iaint  in  the  yel- 
low and  red  spaces.  Upon  increasing»  however,  the  thickness  of 
the  gas,  the  lines  grew more  and  moradistinct  in  the  ydlow  and 
led  speoesi  and  became  broader  in  the  blue  and  violeti  a  genersl 
abaoqition  sdrandng-  from  the  violet  cKtremity,  while  a  spedfie 
absorptioD  was  advancing  on  each  side  of  the  fixed  lines  in  the 
spectrum.  It  was  not  easy  to  obtain  a  sufficient  thickness  of  gas 
to  dsvelope  the  lines  at  the  red  estxeautj,  but  I  found  that  beat 
produced  the  same  absorptive  power  as  increase  of  tliickncss,  and, 
by  brinffinw  a  tube  containing  a  thickness  of  half  an  inch  of  gas 
to  a  high  temperature,  I  was  able  to  render  every  line  and  band 
in  the  red  rays  distinctly  visible. 

The  power  of  heat  aluue  to  render  a  gas,  wliich  is  almost 
ookmrleaei^  as  red  as  Mood  witibout  deoompusing  it,  is  in  itself  a 
most  singular  result;  andmj  suiprise  was  greatly  increased  when 
I  afterwards  succeeded  in  roidering  the  same  pale  nitrous  add 
gas  soabsdiitely  Uackbj  heal^  that  not  a  my  of  the  brightest 
sommer^s  sun  was  arable  of  penetrating  it.  In  making  this  es*^ 
perimenti.tbp  tubes  ^feqiiently  ezplodedt  buty  by  usmg  a  niasb; 
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of  mica,  and  thick  gloves,  and  placing  the  tubes  in  cylinders  of 
tinned  iron  w  ith  narrow  slita  to  admit  the  light,  there  is  little 
danger  of  any  .scriou.s  accident. 

When  the  gas  is  in  die  liquid  state,  it  produces  none  o£  the 
filed  finn  wliicfa  I  have  deseifljed,  and  exerdaes  no  otlier  action 
upon  the  spectram  than  any  ovdinaiy  fluid  ot  Ihe  tame  orange 
ooloiir. 

In  examining  tlie  stnietoie  of  the  solar  spectram^  Fkauitbo- 
m  acoBM  to  have  put  forth  all  his  strength  in  detennimng  the 
position  of  the  principal  linear  A,  B»  C,  D,  E,  b,  F,  G  and  H,^ 
whidi  he  had  selected  as  equidistant  as  possible,  for  the  purpose 
of  measuring  their  angular  distances  in  different  media,  and  thus 
obtaining  the  most  accurate  data  for  the  construction  of  the 
achromatic  telescope.  Th^  measures  he  has  given  with  the 
greatest  exactness  for  various  kinds  of  crown  and  flint  glass  and 
for  a  few  fluids,  and  he  has  thus  put  it  in  the  power  ol  the  practical 
optician  to  construct  achromatic  object-glasses,  with  a  degree  of 
certainty  and  perfection  luUierto  unknown. 

This  method,  however,  notwithstanding  its  .hi^  value,  is 
not  easily  applicable  in  practaoe,  and  firam  tibe  nioe  obMmtkna 
ivfaidi  it  invidTea,  we  have  leaeon  to  bdievethat  it  haa  not  heoi 
Qsed  by  any  other  artiat  than  FBiniiHOFEn  himadE  Hie  dilB> 
cnlty  of  proeuring  out  of  the  naaa  of  glaas  to  be  employed,  pn^^ 
snffidbntly  pure  to  dtowauehnammlinesasEyorthetiioirfudi 
constitute  D  f  , — of  obtaining  the  sun  wlien  his  Ught  is  wanted, 
and  of  observing  and  measuring  the  distances  of  the  fixed  lines 
in  a  spectrum  constantly  in  motion,  are  insurmountable  obstades 
to  the  general  adoption  of  ao  refined  ametliod  of  meaanzing 
pensive  powers. 


*  SatvtAim,  vis.  B,     fl^  F,  G, and  H,  nHe^Bnofwedi  by  Dr WoLtAffm. 

f  Tliete  lines  are  alto  the  iDOStunpcntiuit,  as  the  most  luaiinoiu  pari  of  ike  »peo- 
tnin  bei  bstvwi  thflD. 
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From  aU  llieee  diJBeoltMB,  lihe  difloovei^ 
acid  gas  spectrum  onnpletdy  idieves  vs.  As  the  lines  wlioae 
distances  are  leqoiiedy  may  be  made  as  broad  and  bladr  as  we 
please,  prisms  of  oardiBary  pnritjr  aie  snffident  to  eshibit  them  in 
perfect  distinctness.  The  artificial  li^t  of  a  lamp  can  be  com- 
manded at  any  hour,  and  as  its  rays  arc  absolutely  fixed,  the  least 
CBperienced  observer  can  have  no  diiticulty  in  measuring  the  dis- 
tances of  the  fixed  line??,  and  thus  obtaining,  with  extreme  ac- 
curacy, all  the  data  for  the  construction  of  achromatic' instru- 
ments. 

But  it  is  aoL  merely  to  this  practical  purpose  that  the  ga- 
seous lines  are  singularly  ay>plicable.  Among  the  various  solids 
and  fluids  iu  nature,  lliere  are  very  few  sufficiently  pure  and 
transparent,  to  enable  us  to  see  through  them  the  lines  of  the 
solar  spectrum,  so  as  to  enable  us  to  messure  their  reiractiTe 
and  dispersive  powem  with  minute  aecuiacjr,  whereas  the  gsseoos 
lines  can  he  rendered  visibly  however  imperfectly  the  spectnim 
may  be  fenned.  In  determining  the  various  elements  of  double 
lefifaction  and  polarisation,  and  in  all  optical  researches  where 
the  phenomena  vary  with  the  reftang^bility  of  the  ra^  the  ga^ 
seous  lines  will  hereafter  perform  a  most  important  part.' 

Had  the  solar  lines  been  much  broader  than  they  are,  wemig^t 
hare  been  able,  by  means  of  minute  thermometers,  to  have  ascer- 
tained the  tempprature  of  all  those  parts  of  the  spectrum  where 
there  was  no  light,  and  thus  to  liave  determined  wheihcr  or  not 
the  rays  of  light  and  heat  are  separate  and  independent  emana- 
tions. The  phciiumeua  of  the  nitrous  acid  gfus  spectrum,  the  lines 
of  which  can  be  widened  at  pleasure,  enable  us  to  perform  this 
and  other  inteiesting  experiments,  and  thus  to  decide  many  im- 
portant questions  in  die  theoiy  of  radiant  matter. 

From  the  various  experiments  which  I  had  made  on  the  al^ 
soiptiTe  action  of  coloured  media,  I  was  led  to  a  general  prin- 
ciple, whieb,  in  thatstsgeof  the  inquiry,  iqppeared  to  possess  eo!n< 
sidembie  importanoe.  The  points  of  auodmnm  sibscnption  edu- 
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bited  a  distirtot  coincidence  with  some  of  the  principal  dark  lines 
in  the  solar  j.}Kx-truni,  and  thus  indicatoil  that  these  lines  marked, 
as  it  were,  weak  jwints  of  the  spectrum,  on  which  the  elements 
of  material  bod  us.  whether  they  existe<l  in  tlif  srilar  aliaosphere 
or  in  oolourcd  solids  and  duids,  exercise<l  a  particular  influence. 
These  actions^  however,  were  so  indefinite,  that,  witli  the  excep- 
tkm  of  die  oxalate  of  duomium  and  potaal^  a  aak>  of  moat  r&> 
niarkiible  properties,  they  never  appeared  in  the  fimn  of  lines  or 
distinct  bands.  The  ]i|^t  whidi  ivas  left  shaded  into  the  daik 
spaces^  and  thevefbre^  notwithstanding  the  general  eunddenoe 
which  I  had  observed,  the  phenomena  oi  ordinaiy  ahsorption 
could  not  be  identified  with  those  oS  the  definite  actions  by 
which  the  solar  lines  are  produced. 

This  point  of  similarity,  however,  led  me  to  institute  a  dili- 
gent com|)arison  betw<?en  the  solar  lines  and  those  of  the  nitrous 
acid  gas  spectrum  ;  and  it  did  not  recpiire  many  exjieriments  to 
prove,  that  there  exist( d  Ijerween  thes<*  two  classes  (if  phenome- 
na a  most  remarkable  coincidence.  In  order  toalibrd  ocular  de- 
monstration of  this  fact,  1  lurmed  the  solar  and  the  gaseous  spec- 
trum with  light  passing  through  the  same  aperture,  so  that  the 
lines  in  the  one  stood  opposite  those  on  the  other,  like  the  divi- 
sions in  the  Temier  and  Ihe  find>  of  a  dicle,  and  their  coincidence 
or  non-couHadenoe  became  a  matter  of  simple  observation.  I 
then  superimposed  the  two  spectra,  when  they  were  both  fhrmed 
by  solar  li^t»  and  thus  eadiibited  at  once  the  two  series  of  lines, 
widi  all  their  coin<adencea^  and  all  thdr  appaioit  d€fviati<ni8  from 
it.  Professor  Aiav,  to  whom  I  shewed  this  experiment,' leniaik- 
ed,'  that  he  saW  the  one  set  of  lines  tftuiou^  the  other,  whidi  is 
an  accurate  description  of  a  phenomenon,  perhaps  one  of  themost 
splendid  in  physical  optics,  whether  we  consider  it  as  appealing 
to  the  eve  or  to  the  jiidejment. 

'1  lie  general  coincidence,  thus  cognizable  by  the  eye,  require 
to  be  more  particularly  explained.  Though  some  of  the  larger 
lines  in  the  ^useous  spectrum  coincide  with  some  of  the  larger 
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ones  in  the  solar  spectrum,  yet,  in  many  causes,  laint  and  narrow 
lines  in  the  one  coincided  with  strong  and  broad  lines  in  the 
other;  and  there  were  8c»ne  strong  gaseous  Hnes,  and  even  fafood 
bflndi^  to  whicb  I  oould  dkeorer  no  counterpart  in  FRAinrHOFBR*t 
m^of  the  speetnim,  which,  at  fJuB  stagp  of  my  inquiiy,  was  Ihe 
standard  to  wludli  I  appealed.  TiuM  discKpsncy  at  tint  embar- 
roMod  nie^  and,  as  I  obserred  it  in  parts  of  the  spectrum  where 
Fraunhofer  had  laid  down  every  line  which  he  had  seen  with 
his  finest  instruments,  1  abandoned  all  hopes  of  being  able  to  es- 
tablish the  general  principle  of  their  identity.  I  was  therefore 
obliged  t'itlier  to  renounce  this  principle  as  one  contradicted,  or 
rather  not  confirmed  by  obsertation.  or  to  consider  1  ii  ujNnof  er's 
delineation  as  in  fault,  and  to  enh  r  upon  the  Herculean  task  of 
making  a  better  map  of  the  specLrura. 

The  magnificence  of  jb'RAUMuorER's  instruments,— the  means 
of  nice  observation  which  he  had  at  his  command, — and  his  gr^ 
skill  as  an  observer,  were  oonsideKatioiu  which  long  deterred  me 
fiom  even  attempting  to  repeat  his  exaaunation  of  the  spectrum. 
Possessing  such  inftrior  means,  and  situated  in  so  unfiivouiable 
a  dimate^  I  should  have  ftitt  the  attempt  as  presiimptuous ;  hut  in 
the  comparison  which  I  had  abeady  made  of  the  gaseous  and  so- 
lar lines,  I  had  detected  grave  erfoci^  and  inexplicable  omisdon^ 
in  Fkackiiofer's  map^  and  was  disposed  even  to  adopt  the  sug- 
gestion of  Mr  H.  F.  Talbot,  (to  whom  I  mentioned  the  fact,  and 
who  had  the  same  confidence  that  J  b;ul  in  Fkaunhofkk's  ac- 
curacy) that  a  change  might  hare  taken  place  in  the  light  of  the 
sun  itself,  and  tliat  the  delineation  of  the  Bavarian  pbilosojilicr 
might  have  been  perfectly  accurate  at  the  time  when  it  w  as  exe- 
cuted. This  supposition,  however,  became  less  and  less  tenable 
as  I  proceeded  in  the  identification  of  Ihe  two  dasHS  of  lines ; 
but  even  if  it  had  been  otherwise^  it  would  have  added  a  still 
moie  poweiM  motive,  while  it  affi»ded  the  best  apology  for  un- 
dertaking a  new  delineation  of  the  spectrum. 

The  appazatus  whidi  I  had  at  my  command  Jbr  this  inmsti- 
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gatioii  were  two  very  fine  rock-salt  prisms,  executed  by  ivi)  self;  a 
Lirge  hollow  prism  made  of  plates  of  paiallcl.  glass  fur  holding 
fluids ;  a  fine  plate  glass  piism*  executed  by  Fbaunhofeb,  and 
wldcih  I  owe  to  Uie  MndneBB  of  Mr  Talbot  ;  a  Gopious  supply 
of  oQof  CHHiiB  and  oQof  wMeh  Mr  Gsobge  Swiktok 

tnuMmitled  to  me  fiom  Beqgd  with  his  uaual  liberality ;  a  good 
aduomaticteleBeop^  by  Beaea ;  and  an  exoellmt  wire 
ter  hy  ^VwonvaxOH*  To  this  ap^paratos  Mr  Robisok  made  two 
important  additions^  whidh  he  eBecated  with  his  own  hand^  the 
one  a  brass  stand  with  a  variable  apertme  for  admitting  the  inci- 
dent lights  and  the  other  a  stage  for  holding  and  adjusting  the 
lirisms  in  firont  of  the  olgect  glass ;  and  I  have  recently  been  fa- 
voured, by  Sir  James  South,  with  the  use  of  his  fine  five-feet 
adiromatic  telescope,  executed  by  Dollond. 

After  a  little  practice  in  the  observation  of  the  solar  spectrum. 
I  disrovpred  most  ot  the  hues,  which  I  had  in  vain  sought  ff  »r  in 
Fraunhofer's  map,  as  the  counterpart  of  those  in  the  gaseous 
spectrum.  I  saw  well  marked  groups,  of  which  he  had  only 
given  one  of  the  lines,  and  shaded  bands,  and  well  defined  lines, 
which  his  methods  ci  observation  liad  not  permitted  him  to  dis- 
cover. After  I  had  laid  down  all  the  principal  features  on  the 
spectrum,  I  was  able  to  examine  the  two  daasei  of  fines  pari 
pamu  The  action  of  die  gas  upon  inviriUe  lines  in  ihe  spec- 
trum rendered  them  visible  by  slightly  enlarging  them,  and  this 
eolaigement  of  a  solar  line  indicated  die  existenee  of  a  cones* 
ponding  Une  in  the  gaaeons  qpeetnun. 

By  diis  double  pcooes^  and  by  methods  of  observation  whidi  I 
believe  have  never  before  been  used  in  optical  researches,  I  have 
been  able  to  execute  three  difierent  maps  of  the  spectrum ;  first, 
a  map  of  the  lines  in  the  solar  spectrum ;  secondly,  a  map  of  the 
same  spectrum,  exhibiting  at  the  same  time  the  action  of  uiti  oiLs 
acid  f^as  upon  solar  iiizht.  previously  deprived  of  a  number  of  its 
definite  rays ;  and,  thirdUift  a  map  shewing  the  action  of  the  ga& 
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upon  a  continuofos  and  uninterrupted  spectrum  of  artificial  white 
]^t.  Tlie  gcneial  scale  of  tlieBeddiiieatkofliay^  tima 
er  than  that  of  FRAUiraoFBB,  but  some  poftiom.  of  them  axe 
drawn  on  a  scale  twdoe  times  greater,  which  became  aecessaiy 
fiom  the  impoarilnlity  of  ie|»eseiitiug  in  muiuvwc  limHs  the  nu^ 
merous  lines  and  hands  which  I  have  disooverad;'  The  iNigdi  of 
Feaunuofer's  spectrum  is  15}- inches.  Mine,  upon  the  same 
scale,  is  nearly  17  inches.  The  length  of  the  general  spectrum, 
which  I  liave  delineated,  is  about  ffve  fbat  8  inches,  and  the 
length  of  a  s})ectrum.  cnrrespondii  i;:  to  the  scale  on  which  I  have 
delineated  parts  of  it,  is  scr/'fUrcn  iect.  '    •  ' 

Fkai  niiofer  ha-s  laid  dtnva  in  his  map  354  lines,  but  in  the 
ilelineations  which  I  have  executed,  Uic  spectrum  is  divided  into 
more  than  52000  visible  and  easily  recognised  portions,  separated 
from  each  other  fay  lines  moxe  or  less  marked,  aoooErding  as  we 
use  the  ample  sdar  Bpectrum»  or  the  solar  and  gaseous  spectrom 
combined,  or  the  gaseous  qpectrum  itself  in  which  any  breadth 
can  be  given  to  the  dark  qnoes. 

The  suggestion  of  Mr  Talbot  induced  me  to  watdi  nanow- 
ly  the  state  of  the  defective  solar  lines  at  difTerent^seasons  of  the 
year,  in  order  to  observe  if  any  ehmige  took  place  in  the  combus- 
tion by  which  the  sun's  light  is  generated,  or  in  the  solar  atmos- 
phere through  which  it  must  pass.  Such  clianges  I  Imve  found 
tn  he  very  general  in  every  species  of  terrestrial  flame.  The  de- 
finite yellow  rays  which  exist  in  almost  all  white  hghts,  tlicker 
with  a  variable  Imtre ;  and  analogous  rays  in  the  green  and  blue 
spaces  proceeding  from  the  tiottom  of  the  iiame,  exhibit  the  same 
inconstancy  of  illuminatioD.  In  the  eoune  of  the  winter  obser- 
vations, I  observed  distinct  lines  and  bands  in  the  red  andgreen 
spacer  whidi  at  other  times  wholly  disiqppeaied ;  but  a  diljgsnt 
emnpaiison  of  these  observations  som  shewed*  that  these  Snee 
and  hande  defrnded  <m  CI0  jpremmUy  if  the  emt  to  ^  koriseut, 
and  were  proiieedbjf  the  abeorpthx  action  of  the  earth'e  atmosphere* 
I  have  no  hesitation,  therefine^  in  affirming  that,  during  the 
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period  nf  my  own  observations,  no  change  has  taken  phcr  rither 
in  the  dark  Iitrs  or  luminous  bands  of  the  solar  sj)ectruin  ;  a  re- 
sult which  seems  to  indicate,  that  the  apimrent  body  of  the  sun 
is  not  a  flame  in  the  ordinary  sense  of  the  word,  but  a  solid  lx)dy 
or  coating  raised  by  intense  beat  to  a  state  of  brilliant  incan- 
descence.        ^-  .       -■■  ^       .  , 

The  atmos^Krie  linefl,  as  they  may  beddl^  UKMe  Hms 
and  bandfl  iHiuskaieabailrbed  hy  fiheeleiiiiAitsof  our  atmosphere, 
hare  llieir  diatiiictn6iB  .a'iinxuitmi^  wfaen  the  simaiiiks  beneath 
the  horiioD.  The  studjrof  ihenit  ooiiiieqiieiitly,beoome8  exceed- 
in^y  di£Bciilt  in  a  dunate  wheve  this  liubinaiy,  even  hi  a  leiene  day, 
ahneat  alwajw  aetsin  dotids ;  but  as  I  have  availed  mjadf  ofievevy 
&vourable  iQQineiit  for  observation,  I  have  been  able  to  execute  a 
tolerably  accurate  delineation  of  the  atmospheric  spectrum. 

It  is  a  curious  circumstance,  that  the  atmosphere  acts  very 
powerfully  round  the  line  D.  and  on  the  space  iuHncdintcl}-  on 
the  rcfranfrible  side  of  it.  It  devclojxjs  a  bcautitlil  line  in 
the  middle  ot  the  double  line  D,  and  by  enlarging  a  group  of 
small  lines  on  the  reil  side  of  D,  it  creates  a  band  almost  as  dark 
as  the  triple  hne  D  itself.  It  widens  generally  all  the  lines,  but 
especially  die  darkest  one  which  I  call  m  between  C  and  D.  It 
developes  a  hand  on  the  least  xefifangible  aide  of  hi,  and  it  acts 
especially  upon  several  Unes,  and  developes  a  aqpaiate  band  on 
the  most  zeftangiUe  side  of  C.  The  lines  A,  and  Care  great- 
ly indoied,  and  lines  and  bands  are  paitieularly  devdoped  be- 
tween A  and     and  genenlly  thionghout  all  the  red  ^aoe. 

Most  of  the  lines  thus  widened  by  the  atmosphere  are  faint 
lines  previously  existing  in  the  spectrum,  and  I  have  no  doubt 
that  they  would  be  seen  in  the  spectrum  of  the  Lime  Ball  light 
condensed  by  a  pQlyaonal  lens^  and  acted  upon  by  thirty  miles  of 
atmosphere. 

The  absorptive  action  of  the  atmosi)here  shews  itself  in  a 
less  precise  manner  in  the  production  of  diurk  band^  whose  hnuts 
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are  not  distinctly  defined.  A  very  remarkable  narrow  one,  cor- 
responding to  one  produced  by  tlie  nitrous  acid  j^as,  is  situated 
on  the  most  refi^ngible  side  of  C.  Another  very  bruatl  one  lies 
on  the  most  refrangible  side  of  D,  close  to  a  sharp  and  broad  band 
of  yellow  light,  displayed  by  the  general  absorption  of  the  corres- 
ponding part  of  the  superimposed  blue  qiectram.  These  is  abo 
an  impeilbctly  defined  atmospheric  action,  oomesponding  to  a 
group  of  lines  wheiie  Dr  Wollaston  placed  his  line  C. 

This  general  description  of  the  atniosphericline^  while  it  in^ 
dicates  tfie  remaikafatle  &ct,  that  the  same  absorptive  dements 
which  exist  in  nitrous  acid  gas  exist  also  in  the  atmospheies  of 
the  sun  and  of  the  earth,  leads  us  to  anticipate  very  interesting 
vesults  from  the  examination  <tf  the  spectra  of  the  planets.  Fbauit- 
HOFER  had  observed  in  the  spectra  of  Venus  and  Mars,  some  of 
the  principal  lines  of  the  solar  spectrum  Tliis,  indeed,  is  a  ne- 
cessary coiist'ijLU  Di  t  of  their  being  illummated  by  the  sun,  for 
no  change  which  the  light  of  that  luminary  can  undergo,  is  capa- 
ble of  replacing  the  rays  whicli  it  hajs  lost.  But  w  hile  we  must 
find  in  the  spectra  of  the  planets  and  their  satellites,  all  th(  de- 
fective lines  in  the  solar  spectrum,  we  may  coiitidenily  look  for 
others  arising  from  the  double  tnnttt  of  the  sun's  light  through 
the  stmoqiheves  idncfa  sunonnd  them. 
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AbHract  qf  a  Paper  accompmi^h^  a  Suite  qf  Volcanic  Rocks  from 
L^^ari  Ithndt,  presented  to  the  Royal  Sadetjfy  By 
Robert  Aucah ,  Esq.  F.  R.  S.     M.  G.  && 

(BMrfieclJbiMfy  MSS.) 

Having  frequently  had  the  pleasnze  of 

tcresting  and  highly  valuable  collection  of  volcanic  specimens 
brought  from  Iceland,  and  presented  to  the  Royal  Society  by 
Sir  George  Mackenzie,  I  was  gratified  in  an  opportunity  which 
was  afforded  me,  at  the  close  of  1830,  of  visitiiiir  the  Lipari 
Islands,  the  only  other  great  repositorv  of  obsidian  in  Euroj>e, 
and  of  there  collecting  the  suite  ot  si>ccmiens  wliich  T  hav  e  now 
the  honour  of  presenting  to  tlie  society.  Unfortunately,  it  is  far 
from  complete  as  a  geological  series ;  for  the  difficulties  occasion- 
ed by  the  tempestoous  state  of  the  weather,  and  the  impossi- 
bility of  getting  to  the  mofe  lemote  islands  in  a  small  boat  du^ 
ring  the  numth  of  December,  limited  my  movementB  extremely, 
and  finced  me  to  ooofine  my  observations  to  die  two  principal 
isbmds  of  the  groop^  vis.  Lipari  and  Vulcano.  I  do  not  dieie- 
fore  pretend  to  give  any  geological  account  of  these  iskndi^  or 
even  of  the  two  on  whidi  I  landed.  My  object  in  collecting,  and 
eonsequently  also  in  presenting  to  the  Society,  this  series  of  speci- 
mens, was  to  afford  the  means  of  comparing  with  each  other  the 
productions  of  the  two  great  obsidian  districts  of  Europe  ;  those 
from  Lipari,  wh'M'h  are  now  on  their  tables  with  the  Iceland  suite 
already  in  their  possession. 
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In  so  far  as  I  remarked  in  the  island  of  Lipaii,  the  large  and 
more  continuous  tracts  of  obsidian  Ibnaed  the  lower  strata,  while 
thoee  of  a  more  piimaeeous  aspect  appealed  inrariably  at  a 
hii^ier  level  The  purest,  bladsest,  and  most  beautifiil  sped- 
mena,  however,  are  found  in  nodules  in  the  upper  portions  of  the 
pumice^  where  th^^oocur  in  masses  fiom  two  inches  to  as  many 
feet  in  diameter.   The  two  first  specimens  are  fiom  a  looalily  c£ 
this  description,  occurring  perhaps  1000  feet  above  the  level  of 
the  sea,  among  the  fine  white  stratified  pumioe  of  that  portion  of 
the  island  called  Campo  Bianco. 

No.  1.  is  a  specimen  of  the  compact,  conchoidal,  black  obsi- 
dian, for  which,  among  mineralogists,  the  Lipari  Ishiuds  have  so 
lonti  been  a  celebrated  locality.  It  is  translucent  on  the  edges, 
presents  a  perfectly  vitreous  fracture,  and  is  only  found  in 
boulders  or  masses  imbedded  among  the  pumice. 

Sonic  portions  of  this  obndian  are  less  oompact,  and  in  No.  2. 
we  remark  indicalaons  of  a  msm  sUiggy  structure  with  several 
white  veins  intenectang  the  black  surface  in  a  very  beautiful 
manner. 

The  succeeding  t^pedmens  of  the  series  were  cdkcted  in  less 
elevated  positiooB*  from  the  obsidian  m  Thejr  are  all  moie 
or  less  impure ;  some  of  than  ecdiibiting  a  veiy  vitreous  ai$pect, 
others  a  more  earthy,  and  even  a  pumaoeooa  appearance.  None 
of  them  are  so  perfectly  black  and  eomjwct  as  the  obsidian- 
botdders  which  occur  among  the  pinnice.  but  they  have  all  in 
aorae  way  or  other  a  close  analogy  to  thciii. 

No.  3.  deviates  the  leiist  from  the  purt  l>lack  obsidian  of  the 
two  last.  It  is  us  nearly  as  possible  the  same  substance,  but  i.s  in- 
terspersed throughout  with  small  white  opake  globules,  wliich 
firequently  appear  stratified,  as  if  formed  parallel  to  the  faces  ol 
the  bed. 

Nos.  4.  and  5.  are  specimens  of  the  stratified  obsidian,  which 
have  more  of  an  ash-grey  appearance^  and  consist  of  alternate 
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layers  of  ol)sidiiin,  and  an  earthy  suljstance  which  a]i|X'ars  to  be 
compact  pumice.  No.  5.  is  an  extremely  beautiful  example  of 
this. 

No.  G.  The  ash-grey  coloured  portion  of  this  specimen  is  so 
perfectly  vitreous,  that  doubts  may  be  entertained  whether  it 
should  properly  be  ooDadered  obridian  or  pumice.  The  cross 
fiactoie  resembles  obsidian,  while  that  pandld  to  the  stratified 
arrangement  exhibits  a  pumaoeous  stnictiire.  It  is  intimatdy 
blended  with  alternate  layers  of  Mack  obddian,  and  has,  on  the 
wholes  a  very  close  resemblance  to  many  of  the  slags  fiom  our 
gkfls-houses. 

No.  7.  is  another  specimen  composed  of  alternate  layers  of 
bbck  and  ash-grey  obsidian,  so  closely  united  as  to  affi>id  one 
uniform  mass,  with  a  fine  flat  eoncboidal  fiiacture,  and  smooth 
vitreous  aspect   This  is  a  rare  variety,  and  certainly  the  most 

beautiful  I  met  with. 

No.  8.  tv^ixm,  is  one  of  the  commonest  kinds  whirh  the  island 
affords;  its  matrix  is  a  black  olisidian  like  that  of  No.  3,  liiit  so  com- 
pli'teiy  interspersed  with  the  white  globules,  that  it  sometimes  can 
scarce  be  reco<j;nised  as  that  mineral.  Tliese  globules  are  placed  so 
mudi  in  parallel  lines,  as  to  give  the  rock  the  appearance  of  strati- 
fication. 

No.  9.  is  another  very  beautiful  specimen  of  the  same,  in 
which  the  globules  or  spheroids  are  greatly  larger,  and  more  ir- 
regular. Each  of  them  is  coated  with  a  soft,  white  silky  sub> 
stance  consisting  of  silex,  which  appears  to  have  a  fibrous  struc- 
ture radiating  towards  the  centre.  A  nodule  of  the  same  mate- 
rial  occupies  the  middle  of  the  cavity,  but  is  so  slightly  attached, 
or  rather  occurs  so  often  quite  loose,  that  on  breaking  the  rock  it 
disengages  itself,  and  falls  out.  When  a  ]K)rticH]  of  tiiisqpecimen 
is  held  towards  the  ll<j;ht,  the  white  globides  appear  quite  opake, 
while  the  black  matrix  is  as  transparetrt  as  I>ottle-glass. 

No.  10.  is  the  same  substance  in  a  more  compact  state,  the 
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^bulea  imbedded  in  the  Uadc  nratrix  being  aa  bard,  and  almost 
aB  yitraou^  as  the  obsidiaii  itsdf.  Tbejr  prawiit»  in  fiMJt,  a  mine- 
fal  resembling  pearktone^  each  of  the  qphennds  bemg  composed 
of  a  double  aeries  of  lingi^  of  two  distinct  huesi  endosmg  a  oenr 
tral  point,  of  a  lighter  ooloor ;  but  equally,  as  in  the  last  ^edmen, 
piesenting  a  radiated  structure.  This  is  very  similar  to  the  ap> 
pearance!)  familiar  to  us  in  the  productions  of  glass-furnaces. 

No.  11.  presents  a  variety  of  colour  not  often  met  with 
among  the  obsidians  of  these  islantls.  It  is  of  a  dark  liver-bro'tvn, 
streaked  with  blacky  and  contains  inilxHided  masses,  which  are  of 
a  white  colour,  and  have  a  punmcpons  texture. 

No.  12.  may  be  denominatt  (1  ])it(  bstone-lava.  It  has  some- 
what of  the  pearktoue  structure,  and  presents  a  stratifiL-d  asjxHit 
paiaUel  to  tbeftoea  of  the  bed.  Ita  eoloar  is  daik  ash-grey,  mixed 
with  Bome  brownish  tinges.  It  u  devoid  of  the  fariUiant  vitr^ 
ous  aspect  of  Uie  obsidian,  and  is  more  nearly  allied  to  pitchy 
stones  than  to  any  other  volcanie  product 

No.  18.  This  specimen  was  taken  from  a  roek  at  some  di^ 
tance  from  the  rest.  It  broke  in  slaty  fragmoitfl^  like  some  por- 
tions of  the  pitchstone  firam  Arran.  Its  texture  is  vitreous 
throughout,  its  colour  brown  and  mottled,  bearing  tEBoes  of  the 
globular  structure  described  in  some  of  the  preceding  sped- 
mens ;  while  on  its  surface  there  is  an  iridescent  ^^^WTiiah,  pecu> 
liar,  in  so  far  as  I  remarked,  to  this  variety- 

The  specimens  from  Nos.  14.  to  23,  tonu  a  suite  of  the 
pumice  rocks,  all  occurring  witliiu  the  space  of  a  few  yards,  at  a 
quarry  situated  high  up  on  the  hill  of  Campo  Bianco,  the  great 
deposit  of  tibia  mineial  at  tiM  northern  extremity  of  the  idand. 
Noi  14.  is  so  light  and  spongy  it  floats  on  water  like  firoth. 
Nos.  18.  and  19.  present  the  most  delicate  glassy  texture  iiiiile 
Na  80.  is  the  variety  usually  exported  as  an  artide  of  eommecce. 
Its  structure  is  souk  bat  fibrous,  and  its  filaments  have  a  peco^ 
lia^  sill^  aspect  In  No.  22.  the  pumice  leassunoes  a  cfaarao- 
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ter  more  nearly  allied  to  pitchstone-lava  ;  and  in  No.  2S.  it  only 
occupies  a  small  portion  of  the  maa&,  presenting  a  compact  vitre- 
ous texture,  and  a  light  ash-grey  colour,  exceedingly  like  a  ^ass- 
house  slag. 

Tl»  iiext  femr  are  Taiietus  of  the  ooinpact  pumicei  iriiidi  ia 
used  cm  the  island  as  a  building-stone, — a  purpose  for  wfaidi,  on 
aooonnt  of  its  ligjhtaesB  and  fieedom  fipom  humicUtj,  it  ia  peculJaily 
wdladiyted. 

Nob.  S4  and  S5.  are  firam  die  eaatem  aide  of  liie  islaiid ;  the 
latter  being  a  portion  of  what  aome  masons  were  excavating  ficom 
the  foundation  of  a  house finr  the  obstruction  of  its  walls.  No.  26. 
is  mudi  stratified,  and  was  taken  from  Monte  Gallina,  at  the 
southern  extremity  of  the  island,  aa  was  also  No.  S7,  though 
greatly  dissimilar  in  structure  and  appearance. 

Nos.  28.  and  29-  form  embedded  masses  in  the  Pumice  of 
Caiupo  Bianco,  and  were  picked  up  along  with  the  greater  part  of 
the  foregoing.  They  arc  cridently  of  voleanic  origin,  but  that 
they  properly  come  under  the  denommation  of  Pumice^"  admits 
of  some  doubt. 

No.  SO.  is  termed  the  lava  of  Monte  Gallina.  It  has  a  some- 
what pumaoeoua  feel  and  i^pearenoe ;  ia  mudi  lighter  and  more 
fiiaUe  than  most layaa;  ia  atiatified  m  a  an^iilar  manner ;  and 
oontains  numeroua  imbedded  cxyatab  of  ftlspar. 

Na  51.  ia  anoftherreiy  peeoliar  radc,  having  little  iqpparent  re- 
lation to  any  of  the  preceding;  evidently  of  volcanic 
lioiw«ver>  and  mottled  with  amall  cavities^  which  are  ooated  with 
ailex. 

No.  32.  On  a  small  hill  immediately  above  the  town  of  Lipaii, 
there  occur,  imbedded  in  day  or  decomposed  tuffj  considerable 
masses  of  selenite,  cnnftisedly  crystallized,  stellated  and  fibrous^ 

of  which  tliis  is  a  spt  i  inu  n. 

No.  33.  Spf  cul;u  ii  o  ore,  occurring  in  cavities  upon  Monte 
Rosse,  in  wiuch  it  has  been  bubhmated  by  the  action  of  heat 
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Some  of  these  oystals  are  eKtremely  beautifbl,  bnmdiing  out  to 
the  extent  of  semal  inches,  and  fieqnently  presenting  the  most 
fimtastkal  dutpes. 

The  remainder  of  the  suite  are  the  piwductions  of  the  iJnn^ 
of  Vulcano ;  most  of  them  haVing  been  collected  within  and  around 
the  margin  of  its  crater. 

No.  M.  is  either  the  obsidian  of  the  year  1776,  which  Dolo- 
MiEu  tells  us  flowed  over  the  side  of  the  crater  in  a  stream ;  or 
that  produced  during  the  last  eruption  in  1  T8f>  \  found  it  about 
half  way  up  the  mountain,  generally  in  large  broken  masses,  but 
in  several  places  also  distinctly  fbriniiif.'  very  extensive  surfaces 
It  is  the  blackest  and  inobt  vitrcoujs  variety  on  the  island,  ,ind. 
judging  from  the  lengthened  shape  of  the  cavities  intt  i  ^xjrsed 
throughout  it,  must  have  flowed  quickly,  and  cooled  rapidly. 

No.  85.  is  the  common  variety  of  obsidian  from  tliis  locality. 
It  is  neitlier  so  compact,  so  translucent,  nor  so  vitreous  as  the 
Lipari  spedca,  and  has  much  move  the  as^iect  of  pitchatone,  than 
of  obddian. 

No.  86.  This  18  an  interestu^  piee^  as  gylij^itiitg  dearly 
the  gradation  between  obsidian,  pitchstone,  and  pumioe.  One 
porti<Hi  of  it  is  closely  allied  to  the  last  specimen,  while  another 
has  equally  near  relation  to  the  next 

No.  37.  The  common  pumice  of  the  island  of  Vulcano^  wheie» 
however,  it  is  by  no  means  of  so  fine  a  quality  as  in  Lipari ;  and 
where  it  is  never  worked  lor  any  commercial  or  useful  purpose. 

No.  38.  is  a  variety  of  the  coarse  |uiiiiit  (out  lining  an  im- 
bedded mass  of  obsidian.  The  remai/ung  speciniens  were  all 
collected  within  the  cntt».  With  one  of  the  men  emjjlt  )ycd  in 
gathering  the  sulphur,  I  desoended  by  a  rugged  and  circuitous 
path,  but  with  comparative  eaae^  about  400  feet  into  the  smoking 
abyss ;  and  examined  its  surfeoe  with  perfect  fedlily. 

No.  89.  is  the  land  of  porcelain  jasper  peculiar  to  this  loca- 
lity, and  occurring  in  great  abundance  inside  the  crater. 
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Nos.  40.  to  45.  are  s])eciiiu'ns  of  the  different  rocks  found 
in  the  siame  situation.  Sonic  of  them  evidently  decomposed, 
and  much  changetl.  by  the  action  of  heat  and  acidulous  firnies. 

IS  OS.  4(i  and  47.  are  specimens  of  the  native  sulphur,  as  it  is 
collected  and  conveyed  to  the  inamitaetory.  The  former  is  some- 
what crystallized ;  while  the  latter  presents  a  fibruu.s  structure, 
and  was  taken  in  a  hot  state  from  the  mouth  of  a  fumaiole.  The 
minute  white  sO^  crystals  oecupying  the  inteistices  in  the  daggy 
mass  of  No.  48.  seem  to  be  sdenite. 

No.  49.  is  the  native  ahun  fiom  this  idandi  diapoaed  in  veins 
of  a  fibvoiu  atntctttxei  and  having  a  shining  siUqr  appearance ;  and 
No.  50,  is  the  beautiful  white  boradc  add,  which  forms  in  sub- 
limation on  the  surface  of  the  sulphur,  to  the  dqpfJi  of  from  half 
an  inch  to  two  inches ;  and  of  which  variety  the  mter  of  Vulcano 
is  the  principal  locality. 
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{Bead  aad  Jkcmder  183S.) 

Thbbs  oie  fem  of  fhe  sf^fioitioiis  of  optiiad  adence  Boiuiim>- 
tally  inteMsting  as  that  which  has  for  its  object  the  expSanatum 
of  die  ooknm  <^  natuzal  bodies.  Sir  Imaac  Nk  w  t  r  >  n  was  the  first 
person  who  veniiifed  to  refer  to  one  general  principle  all  the  va- 
riety of  colours  which  are  found  in  nature ;  and  he  has  maintain- 
ed his  opinions  on  this  subject  ^vitli  a  confidence  in  their  accu- 
racy which  seems  to  have  cunlbuudcd  his  adversaries  :  For  while 
his  analysis  of  light,  the  most  ix,*rfect  of  all  liis  labours,  exposed 
him  to  the  most  Imrassing  controversies,  his  theory  of  natural 
colours,  the  least  perfect  of  his  speculation^  was  allowed  to  pass 
without  ezanmution  or  eenmre. 

Dnring  the  oentiuy  whidi  has  dapsed  nnoe  llio  deaHi  of  Nbw- 
voir  tliia  tiieoiey  has  been  g^eraUyreodTed  and  admired:  In  our 
own  day  it  has  been  ingeniouBly  defended,  and  beautiiidly  iUus- 
tiatedtby  M.  Bior;  and,  with  iew  ezoeptions^  it  baa  been  adopts 
ed  by  most  of  the  distinguished  philosopliers  of  the  present  ag^ 
The  author  of  this  theory  has  presented  it  under  the  two 
following  propositions,  one  of  which  states  the  general  cause  of 
tbc  phenomena,  aiid  the  other  the  particular  OODStitution  of  na- 
tural bodies  on  which  their  colours  depend. 

1.  "  Ever}^  body  reflects  the  rays  of  its  own  colour  more  co- 
piously than  the  rest,  and  from  their  excess  or  predominance  in 
the  zeflected  hght,  has  its  colour. 
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2.  "  The  transparent  parts  of  bodies,  according  to  their  seve- 
ral sizes,  re  flect  rays  of  one  colour,  and  transmit  th(^e  of  another, 
on  thf  same  ground,  that  thin  plates  or  bubbles  do  reflect  or 
transmit  those  ra^s." 

In  estimating  the  truth  of  the  theory  which  is  contained  in 
these  two  propaeitioiu^  I  do  not  intend  to  aiter  into  any  ex- 
amination iSiite  poetnlfttei^  fiet%  andratsoningi^  on  which  it  ia 
finmded.  The  otgeet  of  the  following  piqper  is  to  analyse  one 
leadixig  phenomenon  of  coloiir,  and  to  iqpply  Ihia  analyas  as  an 
experimentum  cruciSf  in  detenmnii^  die  true  oii^  of  all  coloun 
aimilarlj  produced. 

The  colour  which  I  have  chosen  for  this  purpose  is  the  Green 
colour  of  the  vegetable  toorld,  and  I  have  made  this  selection  for 

the  following  reasons  : — 

1.  The  green  colour  of  plants  is  the  one  most  prevalent  in 
nature. 

2.  It  is  the  colour  of  which  Sir  Isaac  Newton  has  most  dis- 
tinct)} tlescribed  the  nature  and  composition. 

3.  Its  true  composition  is  almost  identically  the  saiue  in  all 
the  variety  of  plants  in  which  it  appears. 

Sir  Isaac  Nbwton  has  described  this  eolour  in  the  fidlowing 
manners— 

"  There  may  be  good  gream  of  the  fourth  older,  bat  the 
purest  are  of  the  l&trdL  And  of  this  osder  the  j^iweii  of  aU  vege- 
tables seems  to  be^  port^  by  reason  of  the  intenseness  of  Ihdr  oo- 
lours,  and  partly  because,  when  they  wither,  some  of  them  turn  to 

a  grtenuk-fdlow,  and  others  to  a  more  perfect  i/eHow  or  orangey  or 
perhaps  to  red,  pacing  fizit  through  aU  the  aforesaid  intermediate 
colours.    Whidi  changes  seem  to  be  effected  by  the  exhaling 

of  the  moisture  which  may  leave  the  tinging  corpuscles  more 
dense,  and  something  augmented  by  the  accretion  of  the  oily 
and  eartliy  part  of  that  moisture.  Now  iheg-reenj  without  doubt, 
is  of  tlie  same  order  with  those  colours  into  which  it  changeth, 
becaiLHc  the  changes  are  gradual,  and  those  colours,  though  usu- 
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ally  not  very  faHf  yet  are  often  too  full  and  lively  to  be  of  the 
fivurth  order." 

Having  thus  detennined  that  the  green  ooloor  of  vogotabkB 
musty  aoecMcding  to  tlus  dieoxy,  be  a  grem  ^  Ae  iMmf  onbr,  me 
must  inquire  into  its  eompoatioii.  8ii  Isaac  faas-liiiiisdf  slated, 
that  the  green  of  the  third  order  **  is  prindpaUj  constituted 
of  original  green,  but  not  without  a  mixture  of  some  blue  and 
yeUow."  In  point  of  fact,  it  consists  of  all  the  ra]f«  of  the  green 
space,  with  the  least  refrangible  rays  of  the  blue  space,  and  the 
most  refrangible  rays  of  the  yellow  space,  and  it  does  not  contain 
a  single  ray  of  indigo  or  vlnlet,  nor  a  single  ray  of  rimnge  or  red 
light.  Tliis  its  real  conijwsition,  whether  we  deduce  it  from 
tlie  theory  ui  periodical  colours,  or  obtain  it  by  direct  analysis 
with  the  prism. 

In  order  to  disooverthe  true  eomposition  of  the  green  colour 
(rf*  plants  we  may  analyse  the  light  which  tfa^  reflect  or  trans- 
mit ;  but  the  best  method  is  to  extract  die  green  ookairing  maU 
ter  by  means  of  alcohd,  and  to  cmmine  the  actum  of  the  tin- 
^g  oorpusdes  when  suspended  in  thatflnid.  For  this  purpose 
I  have  used  the  leaves  of  the  common  Laurel,  Prumit  LoitnHH' 
rasus,  as  a  type  of  this  class  of  colours.  The  leaves  are  torn  into 
small  shreds  and  put  into  absolute  alcohol,  and  the  fine  green  fluid 
which  is  thus  obtained  is  either  placed  in  a  hollow  prism  with 
a  large  refracting  angle,  so  as  to  exhibit  its  composition  in  its 
own  spectrum,  or  the  li^jht  transmitted  through  the  fluid  may  be 
analyzed  by  a  i\nc  juism,  or  the  epectruni  produced  l  >y  such  a 
prism  may  be  vit  wed  through  a  portion  of  the  fluul  bounded  by 
parallel  surfaces.  By  which»oever  of  these  methods  the  expen- 
ment  is  nuul^  we  shall  observe  a  spectrum^if  the  most  beautiful 
kind.  In  pkoe  of  seeing  the  green  spaae  with  a  portion  of  Mis 
on  one  side  and'yeflSwr  on  the  other,  as  the  Newtoman  theoiy 
would  lead  us  to  eipeet,  we  perodvie  a  spectrum  dividedinto  se- 
veral coloured  bands  of  unequal  breadths,  and  having  their  colours 
greatly  changed  by  absorption. 
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At  a  certain  thickne*;s  nf  the  ^reon  fluid  there  are  three  red 
Iwnds.  By  nicreasin*^  the  thlckne:^s.  the  violet  and  bine  spaces 
are  ab^urbeil,  and  the  two  inner  red  bands.  An  absorption  then 
begins  near  the  middle  of  the  green  space,  and  after  dcstro;^  iug 
die  mate Mfemgible  portim of  diat  wpace,  three Innidft  aie  left; 
vis.  one  finnt  bond  of  the  eztteme  red,  ong  bend  shnost  tohtkm 
ecneBpondbg  widi  the  meet  faimmolu  epeetram,  and  ixasgrem 
hand  eontigttow  to  the  wMte  one. 

The  general  efieot  of  the  ebsoiptioii  now  deicribed  ib  shewn 
rodely  m.  the  necond  of  the  accompan^ng  figuxoi^  the  first  of 
which  repreientB  the  cfiect  whkh  would  have  been  ]«odiiced  had 
the  colour  been  a  phenomenon  of  thin  plates,  and  a  green  of  the 
third  order.  Tlie  simple  inspection  of  Figure  2.  affords  the  most 
unquestionable  evidence  that  the  <?reeTi  colour  under  eonsidera- 
tion  is  neither  the  green  of  the  tliird  order  nor  of  any  other  order 
of  periodical  colours,  and  that  in  its  general  character,  as  well  as 
in  tlie  character  of  its  component  bands,  it  has  no  restuublance 
whatever  to  any  colour  produced  by  the  action  of  thin  plates. 

In  applying  tbk  mode  of  euminatkm  to  the  green  colonra 
of  other  pknts^  I  have  Iband  them  to  have  mvniably  ihe  SHOie 
eompoeitioii.  In  the  following  list  of  plants  of  vaiions  chaxac- 
tei%  I  have  given  those  in  whi«ii  I  have  made  die  esperiments 
with  most  caie.  EasoepCai^  where  it  is  otherwise  mentioned, 
the  green  fluid  was  extmcted  fiom  the  leaves : 


White  Lilac. 

CoQvolvulua. 
TuKp^Trees. 

Mignioiu-ttf. 

Common  Pea. 
VirginHin  Batpberry. 


White  Jaunine. 
Thnja  ooddeoUdis* 
Arbutm  Uneda 
Hcmerocanis  flava. 
Celastrua  tcaadens. 
Vibuiium  Ttaua. 
Fmom  LunUmica. 


Aucuba  Japonica. 
Junipenu  communis. 
CameUfai  JapoDMi. 

Th(  grcon  In  rrii  s  of  the 
Ci)nvallaria  ninltiflora. 

liw  green  berries  of  the 
Atptn^  offidnilis; 


When  the  gre^  fluid  obtained  from  these  plants  has  stood 
for  three  ex  four  dayi^  it  loses  its  hig^  ^reen  colour,  and  becomes 
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of  an  olive-green,  which  grows  more  and  more  of  m  browniib* 
yellow,  till  it  beoomes  dmoat  oolooilen.  During  these  Tarimu 
dianges,  the  specific  action  of  the  fluid  xxpom  the  spectnmi 
diBxiges  also ;  but  ndther  the  ehsnge  of  colour  nor  the  cfaapge 
of  action  have  aoy  lelatioiiidiatever  to  the  eflfects  of  an  iocvease 
or  decieaae  of  thidmew  in  the  tinging  coipusele^  hy  iriutliSir 
Isaac  Newton  explains  the  changes  whidk  take  piaoe  in  the 
odour  of  leaves.  AVhen  the  fluid  has  become  afanost  colourless 
like  water,  it  stiU  exercises  a  powerful  action  upon  the  middle 
of  the  red  space,  and  a  faint,  but  still  perceptible  action,  at  two 
points  of  the  green  band.  This  curious  fact  may  lead  us  to 
expect  that  transparent  media  may  yet  l)e  discovered,  which 
sliall  al>sorh  different  parts  of  the  spectrum,  wliile  they  them- 
selves are  perfectly  colourless.  This  effect  ot  course  cannot  take 
place  unless  the  rays  absorbed  compose  white  bglit 

In  the  course  of  these  experiments,  I  observed  a  very  re- 
markable plienomenon»  which  at  first  sight  appealed  to  be  aome- 
what  fiKvoaraUe  to  the  Newtonian  theoiy.  In  making  a  strong 
beam  of  the  sun's  light  pass  through  the  green  fluidi  I  was  sur- 
prised to  observe  that  its  ccdoor  was  a  hnlliant  fw^  complemen- 
tary to  the  green.  By  making  the  laj  pass  through  greater 
thicknesses  in  succession,  it  became  first  orange  and  then  pBmo 
and  yellowish-green^  and  it  would  undoubtedly  have  become  blue, 
if  it  had  been  transmitted  thronj^h  a  greater  thickness  of  fluid. 
This  mode  of  producing  a  spectrum  by  reflexion  from  the  par- 
ticles of  a  fluid,  exhibits  tlie  phenomenon  of  opalescence  in  a  very 
intereiiting  form.  Had  the  green  fluid  shewn  the  same  colour 
at  all  thicknesses,  or  had  it  aljsorbed  only  the  red  rays,  the 
opalescent  beam  would  have  been  red  tliroughout  the  whole  of 
its  path :  but  as  the  diflhient  eoknus  are  absorbed  in  diflferait 
proportions^  and,  in  the  preseat  casc^ in  theozder  of  theb  refian^ 
^bQity,  excepting  the  blue  and  violet,  the  colour  of  the  intro- 
mitted  beam  must  vary  from  red  to  greenish-yellow,  as  these 
colours  are  successively  taken  out  of  it. 
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The  analysis  of  this  experiment  is  very  interesting,  but  as 
liuB  IB  not  the  place  to  pursue  it,  I  shall  only  remarli^  that  I 
have  observed  the  same  {dwnoineiioa  in  various  otfier  fluidB  of 
dilfoent  oohnin,  that  it  oocuis  almost  always  m  vegetable  salu- 
tions,  and  almost  never  in  chemical  onea^  or  in  coloured  i^asses ; 
and  that  it  is  a  phraiomenon  of  opalescence  or  imperfect  tans- 
paraicrjr.  One  of  the  finest  examples  of  it  which  I  have  met 
with  may  be  seen  by  transmitting  a  strong  pencil  of  sokir  light 
through  certain  cubes  of  bluish  fluor-spar.  Tlie  brilliant  blue 
colour  of  the  introniitted  pencil  ia  singularly  beautiful. 

According  to  the  Newtonian  theory  of  colours,  the  green  of 
pbmts  is  of  the  same  order  as  the  yellow  and  orange  into  which 
it  is  changed  when  it  withers,  in  consequence  of  an  increased 
density,  or  an  enlargement  of  siae  in  the  tinging  corpuscles.  In 
order  to  put  this  opinion  to  the  test  of  ciqperiment,  I  extracted 
the  yellow  juice  from  the  farilliant  yeUow  leaves  of  liie  comauw 
kmrd.  Tins  fluid  becomes  of  a  deep  red  at  great;  thidmesRes.  It 
attacks  the  spectrum  powerfully  towards  the  extremity  of  the 
green  spac^  a  place  where  it  is  not  touched  1^  the  gieen  fluid 
It  then  absotbs  theydfow  and  viobt,  leaving  a  brig|it  green,  and 
converting  the  blue  into  violet  At  greater  tHcknetwiWi  the 
violet  diaappeais,  and  the  absoiption  advances  gmdually  to  the 
red. 

For  the  purpose  of  varying  the  experiment,  I  extracted  the 
juice  of  tlie  leaves  ot  the  ])rivet,  wliich  iK'come  of  a  deep  black 
violet  when  they  wither,  a  colour  which  has  not  the  most  remote 
resemblance  to  any  peri(xlical  tint.  The  Huid  was  a  deep  red 
colour,  much  deeper  than  that  of  the  darkest  poi  t-wme.  It  at- 
tacked the  red  part  of  the  spectrum  near  the  hue  li  of  Fhai  n- 
HOFEX,  at  the  same  place  that  the  greeii  juice  attacked  it,  leav- 
ing tvoo  red  bands,  the  innermost  of  which  vanished  at  an  in- 
creased thickness.  It  then  absorbed  the  violet  and  Uue  spaces 
generally ;  and  having  obliterated  the  middle  of  the  green  spacer 
the  absorption  advanced  to  the  orange  rays  at  D. 
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Ncnr,  jatiiofih tbeae  expesaam^  the acdonof  ihe oolouniig 
BUitter  of  the  decayed  leaves  is  deddedljr  diflfeient  fima  that  of 
the  gretti  jmce,  and  there  is  no  appearance  whatever  ef  the  tints 
having  any  such  idation  as  that  whieh  sutisista  between  adjacent 
coloiiis  ef  the  same  order. 

From  facts  like  these,  which  it  is  impossible  to  misinterpret, 
we  are  entitled  to  fon«liKlt\  that  tlic  green  colour  of  plants, 
whether  we  examine  it  in  its  original  verdure,  or  in  its  decaying 
tints,  has  no  relation  to  tlu;  cx^lours  oi"  tliin  plates. 

I  have  submitted  to  the  s;iuie  mode  of  examination  iitcuiy 
one  hundred  and  fifty  coloured  media,  consisting  of  fluids  ex- 
tracted ffook.  the  petaJi^  the  IsKvea,  the  seeds,  and  the  ihind  of 
plant8»-^the  ^Hfieieiit  subatances  used  in  dyeing — coloured 
passes  and  muiendsr— colouzed  artifidal  salti^ — and  4Ufeent  co- 
lomed  gaaea;  and  in  alltfaeae  caaeslhave  obtained  itsidts  which 
lead  to  the  same  oonchision.  I  have  analysed,  too^  the  Mie 
colour  of  the  Bky»  to  which  the  Newtonian  theory  has  been 
thought  peculiarly  i^pHeable,  but  instead  of  finding  it  a  bUte 
of  the  fixst  order,  in  which  the  extreme  red  and  the  extrame 
violet  rays  are  deficient,  while  the  rest  of  the  spectrum  was  un- 
touched, I  ffjtind  that  it  was  defective  in  rays,  adjacent  to  some 
of  the  fixed  iuies  of  FnArNiioFER,  and  that  the  absorptive  ac- 
tion of  our  atmosphere  ^\  i<lene(i,  as  it  were,  these  hues,  llenoe 
it  is  obvious,  tiiat  there  arc  elenienUs  iu  our  atmosphere  which 
exercise  a  specific  action  upon  rays  i£  definite  refrangibility,  and 
that  this^  in  some  of  these  T»ys»  is  identical  with  that  whidi  b 
exerdsed  over  them  by  the  atmos|]Ai«9e  of  the  sun.  I  have  ob- 
tnned  analogous  lesulta  in  anafynng  the  ^cflSno^  wmge,  red,  and 
purple  ISiijtit,  which  is  leflected  firom  the  dbuds  at  sunset ;  but  it 
is  impossible  to  convey  any  conect  idea  of  the  composition  <^ 
these  colours,  without  a  reference  to  the  fixed  lines  of  the  apeo- 
tnuD,  of  which  we  at  [irasent  possess  no  distinct  nomenclature. 

I  may  mention,  however,  this  general  fact,  that  in  the  various 
spetaBc  actions  exeidaed  upon  li^t  by  solids^  fluids  vapouis, 
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and  gases,  the  points  at  which  the  spectrum  is  attacked  are  ge- 
nerally coincident  with  the  deficient  lines  of  Fbaunhofer  ;  and 
particularly  irith  those  which  are  ccMnmon  to  the  light  of  the 
sun,  and  that  of  some  ippean,  that 

these  rays  ov  lines  are  weak  parts  of  the  spectrum,  or  the  parts 
of  white  li^t  which  have  the  greatest  affinity  fat  those  elements 
of  matter,  which,  Avhilo  they  enter  into  the  composition  of  suhlu- 
nary  hodies,  exist  ako  in  the  atmosphetes  of  the  central  lumina> 
ries  of  other  ^tems. 

From  the  preceding  experiments,  it  is  impossihle  to  resist 
tlic  conclusion,  that  the  second  and  Iratling  proposition  of  New- 
ton's theory  of  roloiirs  is  inconipatibk  with  the  aciii:il  pheno- 
mena :  and  we  iuay  demonstrate  the  incorrectness  ot  ihc  fii-st 
proposition  by  simply  stating  the  fact,  that  there  are  red,  yellov, 
green,  and  blue  media,  which  are  absolutely  incapable  of  reflect- 
ing or  transmitting  certain  definite  rays  of  the  same  colour  with 
themselves. 

The  true  cause  the  odours  of  natural  bodies  may  he  thus 
stated :  When  light  enteis  any  hody,  and  is  either  reflected  or 
transmitted  to  the  ejet  a  certain  p(«tion  of  it,  of  vanous  refinngi- 

failities,  is  lost  within  the  body ;  and  the  colour  of  the  body, 
which  evidently  arises  fiN>m  the  loss  of  part  of  the  intromitted 
light,  is  that  which  is  composed  of  all  the  rays  which  are  not 
lost ;  or,  what  is  the  same  thing,  the  colour  of  the  body  is  that 
which,  when  combined  with  that  of  all  the  rays  which  an  lost, 
compose  the  original  hght.  Whether  the  lost  rays  are  reflected 
or  detained  by  a  specific  affinity  for  the  material  atoms  of  the 
l)ody,  has  not  been  rigorously  demonstrated.  In  some  cases  of 
opalescence,  they  are  either  partly  or  wholly  reflected ;  but  it 
iieems  almost  certain,  that  in  all  transparent  bodies,  and  in  that 
great  variety  of  substances  in  whidi  no  reflected  tints  can  be 
seen,  the  rays,  are  detained  by  absorption. 
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PROCEEDINGS,  ^e. 


NmmUter  £8.  18S1. 
At  an  Extxaordinary  General  Meetiiig  held  this  day,  Ur  HoPK,  V.  1*.  in 
duir,  the  fiiUmnqg  OffioeJieaRn  wae  dected  far  Uw  emdiig  jear : 


I 


Vioe-Praudwiu. 


Sir  Walter  Scott,  Burt.  Vrewlait. 
The  lion.  Lord  Guexuke, 
Tba  Hon.  Lovd  Nmrnnr, 
Dr  T.  C.  HoPi^ 
Professor  RussKi.t,, 
Sir  TiioMAs  Makoodgal  BmmAia, 
Dr  Brewstbb, 
Jow  BoBMur*  S^.  Ctamnl 
Dr  OmNmr, 
Dr  Chiustison, 

Thomas  At-i-an,  Em),  Tn^isurrir. 
Jambs  Skexio,  Ei*{.  Curator  of  the  Mnacom. 
John  Stakk,  Vk^  Aniitn*  Cantor. 


I  Secretaries  to  tlie  Ordinary  M«etiag>. 


Sir  DAVfD  Mti.vk. 
Sir  Groroe  S.  Mackexzie,  Bart 
Or  DoxcAir. 
FnftHor  WALLACfli 
Dr  GmeviuiV. 
Jaiiw  Jaidimi^  Biq. 


couMciixoaii. 

Dr  HinnEBT. 

Sir  Thomas  Dick  LAtfOBs,  Bart. 
J.D.  SV»UGB,  Ea^ 
Genanl  Stratoh. 
AuzaMMai  Ajotn,  Biq. 
Jju»  Wnjoir,  Biq. 


The  foUowmg  Comndttoe  wts  appointed  in  temiB  of  Law  XXT. : — 
John  Oabuiner  Kinneab,  £«q.  Patkick  Neu^l,  iutj. 
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R-oeetdbigt  ^GeitmU  MuA^ 


ORDINARY  MEETINGS 
JtaHMvya.  1882» 

In  pumiance  of  notice  given  on  the  4th  April  1831,  Dr  J.  C.  Grscoby  moved, 
"  T!i  tt  the  13th  Law  shall  be  so  far  alu  rwi,  th.  t  ballots  for  the  admission  of 

nienibtrs  may  take  place  at  any  ordinary  meeting  of  the  Sixitty  during  the  session." 
This  motion  having  been  put  from  the  Chair,  and  having  been  seconded  hy  Sir 

Gm«s  BALuir«AU)  ww  canfad  unnbDoualy. 


January  16.  1888. 
MEMBERS  ELECTED, 

OBDDfABY. 

jMVflMM,  Eaq-of  Chwa^        jAnDoMMP,  Esq.  Attfow».N.B.WalN. 
AuBumn  AmnKW.       jAMwP.V.JoaiwraHtEi).  A.1I. 


IfSlfBSBS  SLBCXlDii 


HBMSft  XLECTSDb 

HOBKOT  MftWiMWii  Bag.  Hen.  RLC.  CiTil  Btrriw. 

In  announcing  the  death  of  the  Hon.  Lord  Newton,  one  of  the  Viee-Prcsidi'tits, 
I^ird  M SAPOWBAMK  pronounced  an  eloquent  eulogium  upon  the  character  and  ac> 
qnircniniticff  the  distinguished  manbaririioae  kM the  Sookty  bas to d^lore,  and 
eonduded  by  prapodnig  tb«t  a  couadttw  aboidd  be  iqppaiiited  to  daew  up  a  ibort 
menncMlt  expressive  of  the  ftdipgs  of  Ab  SoeiBty  on  tUi  melaiKlialy  to  he 

mserted  in  the  minutes. 

Lord  Mkadowbaks,  Mr  An  an,  Mid  Mr  SsEMB  were  qipomted,  with  the  Se- 
ctetory,  a  committee  far  this  purpo«e. 


md  Lut  qfMMen  Bdeted, 
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April  SL  im 
MEMBERS  ELECTED. 

OROIVART. 

MoMTCOHwr  RoRHTHMt  M.  !>•  WiUiiAM  Dtgi^  Biq.  A.  M. 


Nottmberl^.  1982. 

At  a  General  Meeting  held  Uuk  (ky»  Dr  Hope,  Vice-President,  in  tlie  Clioir,  the 
foUoiiriiig  OJlic»lieaien  were  elected  tat  die  catniing  jreu- : 

Sir  THOMA<^  Makdoloal  Bripsbam^  BLCB.  PlreaidMlt. 

The  Hmi.  Lord  GleNUU, 


Dr  T.  C.  Hope, 


Vke>PlMiidnte. 

Sr  Hatid  Baswam^ 

John  Robison,  Geacnl 

Dr  3.  C.  Grboorv,  -w  g^^^^j^ji^  ^      OfHwOT  Meetiwi. 

Dr  Chrirtison,  j 

Twuue  Allan,  Eb^.  TrMmrar. 

Jamb  Sunb,  B^.  Omlor  «f  A*  Mweuk 

JoHM  ftnuuc,  Bif.  Awiitwit  Owitv. 

COVWOUOM. 

Dr  GucmuL  Auxandbk  Adib,  Biq. 

Jambs  jAiimiir^  B^.  Jamfs  \V'ii.'{on,  Esq. 

Dr  HiBHERT.  Tfir  I  rtiii.  Mot  NT^TL-Ajar  BLniiMmiiE. 

Sir  Tboma<  Dick  Lavoer,  Bart.        Sir  Hkxry  Jaroink. 

J»  D.  FoRUKs,  K»q.  Dr  AmBCMnmc 

MqoiwtlM.  Sir  Joan  SnuTOK.      Asnm  ComnajL,  Eiq. 


TIk  Committee  appointed  at  last  Annual  Meeting  for  auditing  the  Ti«asurers 
aooounts  wa»  continued. 
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Proceedings     General  Meetings^ 


ORDINARY  MEETINGS. 
December  3.  1832. 

Before  the  commencement  i)f  (lu-  Orfiinan*  Biisinew  of  the  Meeting,  Lord  Mea- 
DovDANK  gave  notice,  that,  at  the  next  Meeting,  he  intenddi  to  make  a  motion  to 
the  fcdlowiog  effect,  viz. 

«  Tint  the  Royal  Society  dwU  direct «  nan  of  money  to  be  eabecribed  from 
their  Fundi  fat  die  Momnnent  prapoeed  to  be  erected  to  the  nwmoiy  of  theur  hte 
Freodent  Sir  Waltkb  Scott,  Bart. 

"  That  it  sluill  1>e  remitted  to  the  Council  to'coDader  and  report  as  to  the 
ajuount  of  the  sum  to  be  subscribed.* 

December  17.  1832. 

At  the  General  Meeting  of  this  evening.  Lord  Meadowbaxk  made  the  motion 
of  wiiicli  iiulice  was  given  at  the  \asti  the  motion  vas  seconded  by  Robekt  Sts- 
TSMeoM,  Esq.  Thenefter,  the  inllowiiig  emendment  mm  moved  by  die  Lord  Cbki- 
CommiMloner,  die  Bt(|^t  Hon.  Wiuiax  Avaii,  and  ives  aeconded  by  Dr  Mac> 

"  That  a  tribute  of  respect  be  j)aid  by  the  Royal  Society  to  the  mpmory  of  Sir 
VValtee  Scozt,  and  that  the  Council  consider  and  report  in  what  nmiiner  tliis  eaii 
be  done  meet  apprupriutcly." 

On  the  amendment  beillg  put  from  the  Chair,  the  Society  divided,  wfactt  thcfe 

appeared  23  members  in  favour  of  it,  and  15  for  the  original  motion. 

After  the  above  numbtrs  were  taken,  one  member  intimated^  that  it  was  owing 
to  a  misapprehension  that  he  was  included  in  the  minority. 

Atthiameedm^ltvHi  bitiiiMted  diet  the  Councfl  had  appointed  JaiomB. 
7oMS«»  Ee^  as  one  of  the  SioeteriM  to  die  Ordineijlbetiiigi^  in  the  room  of  the 
lele  Dr  Obmobt. 


ahT  LmI  ^Member*  EkOed. 


JSniMfy21.1888> 

Hi*  Grace  tbo  Doke  of  Brcci.Krnr. 
Albxamdkk  Fani.E  Monteitii,  K  q  A  Hvotate- 
CrBOROK  Mbuu^  Eaq.  Sarg«!on  iluo.     I.  C>  Senrico. 

JRghwvy  4. 1888. 

FievkuB  to  tlie  Ordiiwiy  BatiBeM  of  die  ercniiig,  die  Cmmat  nede  the  lidknr. 
ingBeport: 

"  In  pursuance  of  the  remit  mn<\-  \\\  tho  Grnfral  Mwting  of  the  17th  Dfcrm- 
b«?r,  Ui  cunsidtT  and  re]X)rt  in  what  riiaiiiur  a  tribute  of  respect  can  Ix.-  ^K)^t  appnv 
priatelj  paid  to  the  mcmtiry  of  Sir  VV  alikk  Scott,  the  Council  beg  leave  to  retoni- 
mnidt  tfiet  e  lequMl  diould  be  iMadc^  in  the  Mm*  of  die  Society,  Id  die  fricgdi  of 
Sir  WAtTSR  SooTT,  lo  comnMiHicHe  »  BiogfepMcd  nodce  or  Ekge  of  diie  diedn. 
guiliied  pecKHi,  to  be  inserted  in  the  next  Volume  of  the  Society^s  TranaectiOD*. 

"  The  Council,  on  considering  the  inadequacy  of  the  Funds  of  the  Society  fbr 
the  due  aocomplishmeni  of  Ou-  din-ct  objects  of  its  institution,  regret  that  they  can- 
not recommend  the  appropriation  of  any  sum  from  the  corporate  Funds  towards  the 
aepeaas  ti  »  Monument ;  but  they  humbly  buggest,  that  an  Extraordinary  Fund 
dxnild  be  raind  fiir  diii  purpose,  bj  yolunteiy  Conlribudeni  from  die  Membai, 
the  amount  e£  which»  when  coBeeled,  ahaU  be  paid  by  the  Tkeaauier,  in  ndmtqfAt 

Soek^  towards  the  Memorial  DOW  contempIatedJ" 

The  Rt'iKirt  having  hi^en  rifid.  Lord  TVfEADOWBANr  mnvnl  that  a  Special  Meet- 
injj  he  calle*!  ti>  take  il  into  con.Mdcration ;  Ns  hicli  motion  havnjfx  been  duly  seci>mlcd, 
was  corriiiil  iicnnne  cmtradicentc ;  after  wliich  it  wus  agreed  the  Meeting  should  be 
bdd  ondie  8lh  inataiitt  at  three  oVIocIl  r.x.,and  tlx  SeeNtKywaadiveeted  toiieue 
nodoea  aoooidtngly. 

SPECIAL  GENERAL  MEETUfO. 
JMniary  8. 1SB8. 

Licutenant-General  Sir  Thomas  Makoo0uaU  BaiatAlR  in  the  Chair. 

The  Minute  of  the  Meeting  of  the  4th  instant  ■was  read,  after  M-hich  it  was* 
mov<<d  hy  Dr  Maclagak,  and  scctmded  by  Or  BoftTSVicK,  that  the  Rqwrt  of  the 
Council  be  adopted. 


JPneeeding*  qf  General  Jde^kigt, 


Laid  Mkadovbaiik  addicaaed  the  MeeluigatooiiMidcnbk  length,  and  propoacd 
eevenl  plm*  fix*  disposing  of  the  question  in  e  diSerent  way  from  that  propoaed  hy 
the  Counoil,  but  concluded  without  making  any  motion;  after  which,  the  Lord 
Chief-Commiitsioncr  spoke,  and  ha%'inw  stati^d  that  his  object  was  to  obtain  such  a 
Resolution  as  should  be  acceptable  to  all  concerned,  and  be  unanimously  agreed  to 
by  the  Society,  he  propoaed,  in  oanfirmatiaii  of  tke  R<fort  of  like  OnmcQ* 

**  That,  w  en  afiprapriale  THbate  of  ivipect  to  die  nieiiMiy  of  Sir  Waltu 
SottTT,  late  Fkcflident  of  the  Society,  it  he  leidlved,  that  a  fiiogrqihical  Noliee  and 
Bkge  of  this  distingiit>)u'<l  {)erson  be  lDaa>ted  in  the  next  Volume  of  the  Transac- 
tions; and  that  Profeaaor  W'ii.sok  be  requested  to  prepare  aucfa  Notice  and  Eloge. 

"  That,  as  a  ftirther  triliute  of  ri'sjKx-t  to  thi'  memorj'  of  Sir  Wai.teh  SrfvrT, 
the  Society  do  i>ub«tTil>e  the  i>uin  of  £^  SO  to  the  Monunient  iiiiended  to  be  erected 
in  (tbb  City;  but,  as  the  present  ei|^  of  the  Fbanoee  «f  the  Sndety doae  not 
admit  ef  a  giant  ttoat  ita  ourpuiale  Fionda,  to  nudce  good  the  |nvpoaed  oontribulioa, 
that  it  be  raised  by  voluntary  Subttcription  of  Ihe  Ifembers,  to  be  placed  in  the 
hands  of  the  Treasurer  :  That  the  i-untribution,  when  completed,  shall  be  paid,  in 
name  of  the  Sxrietv,  to  the  Trea.-iiirer  of  the  Suh«scriptions  for  the  Monument,  with 
directions  to  enter  it  as  the  Subscription  of  tlie  Royal  Society  of  Edinbiugfa  to  the 
Monument  to  be  erected  in  oommemoration  of  Sir  WaiiTkr  Scott  :  That 

The  Right  Hon.  the  Lord  Piu:«idekt, 
The  Kiglit  Hod.  the  Lord  Ji'stice-Clerk, 
The  Right  Han.  WttuaM  Anai^  Lord  CUef-OoouiiHioaer, 
The  Hen.  Lord  MnuMnnuaK, 
Sir  Francis  Waucer  Dhi  mmond,  Bart^ 
John  Hoi'e,  R-ij.  Vcm  of  Fecaky, 
George  Forbes,  Eaq. 
'Gnoiwa  MAorasBaoM  Ohant,  Esq.,  and 
Kear-Admba]  Adam, 

Fellows  of  this  Society,  together  with  the  Council,  be  requested  to  see  tliis  Resolu- 
tion carried  into  effect,  and  do  report  to  the  Society  at  their  meeting  on  the  first 
Monday  in  March.** 

The  Lord  CWefcConmiiMiMier  oondnded  hy  auggeatiaig,  that  the  amount  of  tlie 
Subscription  from  the  individuala  afaonld  he  lestiicted  to  £1. 

Thi>  Hc^>1iition  bdng  gciKtally  appraved  of,  waa  adopted  by  the  Meeting  ne- 
fftifkr  amtradkente. 


and  List  of  Members  Elected. 


555 


The  Chaiiman  naoiwced  tiitt  uru^emeDto  had  lunr  ben  made  for  lunng 
AtNtnuts  of  the  Pi|Mn  read  at  eacb  meedng  preparedt  to  be  read  along  with  the 
Minuiea  at  the  lubeeqiMot  oneit 

March  4.  1833. 

MEMBERS  EL.ECT£1>. 
OimXART. 

A.  T.  J.  Hmttmrn,  Bmi>  David  Cbami^  M.  D. 

The  ChaiRMBi  unoaiioad  that  the  Subecriptioa  by  Ae  Sodetfto  the  Monunwnt 
of  Sir  Waltbb8cm>tt  noir  amounted  to  It  wm  agreed  to*  on  the  motion  of 

Dr  Hbrz,  that  the  8ttbacri|>tkn  ahoidd  cemain  open  till  the  first  meeting  in  April. 

4prtf  1. 18SS. 

MEBfEEE  ELECTED. 

oiiDDrARy. 
Gw»R0B  BmmiiAjf,  Beq.  Gt!]  iSaipiMer. 

The  nerident  announced  diat  die  Subscription  bjthe  Society  to  the  Monument 
for  Sir  Waltxk  Soott,  now  amounting  to  would  be  paid  over  to  the  Ttaik- 
auter  of  the  Committae  lor  that  djact 

AprU  15.  18.18. 

UEMBKU  ELEC  I-E1>. 
OKUZMABY. 

Sb  JoBV  SftVKKt  FoBBB^  Bart. 


AfiifyO.  18SS. 
MUIBKIIB  EI<ECrSlX 

OWlDfABT. 

John  Dcnlop,  Esq.  Advonitp. 
Alkxander  Hamilton,  £i»t|.  W.  S< 
Thfi  Right  Hod.  Lord  Greenock. 

X  W.  Tinniii^  IBi^  P>ofeseer  of  Swgery  m  the  Uairanily  of  Bdinbngii. 

The  PModent  announcad  that  the  Coundl  had  awarded  die  Kdth  Priae  to  Mr 
Tm>NAS  Gkakam  of  Crlaagow,  tta  his  disoomy  of  die  Law  of  DilTueion  of  the 
Geaes. 

VOL.Xn.  VABt  tl.  4»B 
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LIST  OF  THE  PRESENT  ORDI^  AHY  MEMBERS  IN  THE  ORDER 
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17m>.  Thomas  Macknight,  D.  D. 

HonMUttble  Lord  RobortMin. 

Sir  George  S.  Mackonadc,  Baronet,  F.  R.  S.  Lond. 

Robert  .Tamcsoii,  Es^q.  Profssnr  qf  NatwrtU  Hitlorjf. 
1802.  Ckklonel  D.  Robertson  Macilouald. 
18081.  John  Jamieion,  D.D. 

Thomaa  Telford,  Esq.  Civil  Engineer. 

Ravarend  Dr  Andraw  Drown,  Pnfuaat  i^Bhtione. 
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1804.  W'tlliam  Wallace,  Eih(.  Prvftuwr  of  MaUiemaiics. 
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1806.  Robart  Ferguiton,  Esq.  of  Raith,  V.  R.  S.  I^md. 
George  Dunbar,  Escj.  Pro/i  xsor  of  (in  ij< 

1807.  Sir  James  Moutgomcry,  Bnrouet,  ofSUmhope. 
Jobn  Ctmpliell,  Baq.  ^GBfivnojl. 

Thomas  Thomsoo,  Esq.  Adeoatk 
Williatn  Frascr  Tytler,  Esq.  Adiucate. 

1808.  James  VVardrop,  Esq.  Surgeon  Jtatraordimry  to  Ait  Majesty. 
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Reverend  Andrew  Stewart,  M.  D.  Ershine. 

David  Ritchie,  D.  D.  Pnfettar  of  iMfic. 

Mn|w>GwienJ  Sir  Thonuw  MrtdoBgdi  BtwIimw»  K.  C.  B. 
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John  niorason,  M.  D.  Pn  f  snrqfGmuTttlFatkalogitt  JSdhtbmrgh. 

James  Jardine,  Esq.  C'irt/  Engineer. 

Chptriii  Baril  Hall,  R.N.  F.R.S.LoDd. 

J,  G.  Children,  Esq.  F.  "R.  S.  Lend. 

Alexander  Gillespie,  E^^q.  Surgeon^  JStUnimrgh. 

W.  A.  Caddell,  F.  R.  S.  Lond. 
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James  Pillans,  Esq.  Professor  of  Humanity. 

Sir  George  Clerk,  Baronet,  F.  R,  S.  Lood. 

Daniel  Ellis,  Esq.  I'Aimburgh. 
181S.  WiUiani  SonerTUk^  M.  D.  F.  R.  &  Lomftm. 

Henry  Dftvi^n,  BL  D.  E'llidmrgh. 
1814.  Sir  Henry  Jardine,  King's  Remembrancer  in  Excher/uer. 
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Right  Hcooiuilib  Lord  ViMoaiit  ArlMithiMit 

ReveroMl  John  Thomson,  DudtUng$ttm, 

JoliD  Fleming,  D.  D.  Clachmawmu 

Jobn  Cheync,  M.  D.  DuMm. 

LtentflMfii^Moml  Tytler,  EdMmr^ 
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Professor  George  Glennie,  Marischall  College^  Aberdeen. 
Itil6.  Robert  Stevenson,  Esq.  Civil  Engineer. 
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1815.  Wniiiun  TbonM  Brande,  Em|.  F.  R.  S.  Loud,  and  Pniftittr  ^  Omuliy  m 

tin  Hoi/(il  Irutiiutiun. 
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Hooottrable  Lord  MoiidowlNuik. 
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John  Bortbwick,  Esq.  Advocate. 
RMkaid  PbilUp^  Eiq.  F.  R.S.  Load, 
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1890.  Janw  Hunter,  E^.  of  Thunlun. 

Right  Honouruble  David  Bu\  le,  lj>rd  Jtuticb-Gtrk. 

James  Keith,  Emj.  Surgeon,  Edinburgh. 

Right  Hoominilile  Sir  SnmMl  Stwpbevd. 

Jame»  Nairne,  W.  S.  Edinburgh. 
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Robert  lUduik  D.D.  Ftitwtpal  of  Si  Mary*  College^  St  AnAwft, 
Sir  John  Meade,  U  D.  IFefmimA. 
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Robert  (Jraliarn,  M.  T).  Professor  (f  BoUmg, 
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Archibald  Bell,  E^(|  AilmcaU. 
John  Clerk  Maxwpil,  Escj  AdvoctUe. 
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A.  R  Carson,  Esq.  LL.  D.  Sector  qfthe  High  School, 
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Jamea  tytkr,  Eu^  ^  rVbodkoudee,  W.  8. 
1888.  VnmoB CbuitiT,  Esq.  F. B.&  Load. 
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Captain  Norwich  Dult,  U.  N. 
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UH  ^Ordmmff  Member*, 


Pate  cif 
EetoUon. 

1824  WiUMin  B«1V       W.  &  BOMm^ 

Aknndw  Wikon  Philip,  M.D.  London. 
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George  Moir,  Eaq.  Aieocata. 
John  Stark,  Esq.  Edinburgh, 
Dr  Macwhirtor,  Edinburgh. 
188T.  Jmbw  Wcddel),  E><q.  R  N. 
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R«r.  Edward  BMinerman  Ranuay,  A.  B.  ^  St  ,John*t  CoBtge,  Camirilfe. 
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Jobn  Fonter,  Em|.  Ardutedt  UnvpoA 
Thomas  Graham,  Esq.  A.  M  Glasgow. 
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James  Symc,  Esq.  Profegtor  of  Clinical  Snidery. 
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Thomas  Blizzard,  Esq. 

Sir  William  Ouscley,  Baronol 

Sir  James  Macgrtgor,  M.D. 

Richard  Griffiths,  Ew}.  dea  EKffbneer. 


LIST  OF  HONORARY  AND  FOREION  IfEltffiERS, 

■LBCTSD  VMDBR  TUB  NBW  LAWS. 


CLAM  Of  HONOSAET  MEMBEBI^  UHITED  TO  TWENTY-ONE. 

If.  Le  Baron  Humboldt,  Membar  itf  the  Institute  of  France, 
M.  Gay  LuMae,  Member  qfthe  iMtitute  (^France. 
M.  Bfet,  JUSmter  ^the  ^uNbde  ^  Avoue. 

His  Mitjc>.ty  the  King  of  Brlpium. 

HU  Hoyal  Highness  the  Archduke  Maximilian. 

The  abovo  Members  were  clcct<'<l  before  the  New  Class  of  Foreign  Members  ttsk  ciitablUhcd. 

His  Imperial  HighDess  the  Archduke  John  of  Aurtria. 
ML  L»  Chevilier  JMepk  Hbbhiw. 

Rev.  Dr  Briiikloy,  F.R.  S.  Und.  and  Prendrnttf^lkt  Ro^d  biA  Academy. 
Robert  Brown,  Esq.  F.  R.  S.  Load.  &c.  &c. 

Jwsob  Berzelius,  >L  D.  F.  R.  &  Load.  Prf^etm/r  ^Chemittr^t  Sloekkolm 

Davie*  GDhcft,  Biq.  II  P.  F.R.  S.  Loud. 

Hk  R«7«l  Bighnw  llie  Duke  of  Saaa«^  A««jdeN«  ^Ifte  ibfiar 


GLAIS  OF  FOREIGN  MElfBEBIt  UMTTED  TO  THISTTJUX 

M.  Poimm,  Mmbet  tfUte  IndUtOei^RwM, 

M  .  h  Baron  de  Prony,  Member  of  the  JnMitutt  ^ Brtmet. 

M.  Brochant,  Mmilnr  ofthi-  hi^titute  JSirmet. 

BaroD  Leopold  Vhd  liuch,  Berlin. 

VL  Oaiia%  JProfessor  of  MaHematk*,  Gottmgm. 

U.  Blumenbach,  Pro/fssmr  ^JfatmU  Hblorf,  OWiHgm, 

M.  J.  C.  r.  Siinonde  de  SwbmnhK. 

Baron  Dcgcrando. 

Baroo  Kruaeoetcrii,  Member  ^tke  Academy  of  SeuKee$  ai  St  Pdmbiarg. 
M.  Oenledt  Seeretaqf  to  the  Rojfai  Society  o/DoMork. 
BL  Ampere^  Mtrnber  qftke  hutOide  efFiramt. 


^6  IaH    Foreign  and  Honorary  Memhertt. 

M  Schumacher,  ProfesMjr  of  Agtromtm^  at  Oapenkagm. 

M.  Mohs,  Pm/fs.^nr  of  Mineralogrj  at  Freyiay. 

David  llosack,  M.  ]>■  F.  R.  S.  Xew  York. 

Kathund  BMPditdb*  Eiq  8ahm  MauaeiniMett. 

M.  le  Baron  Larrey,  Member  ^the  Lutihitet^  Ranee. 

Sir  i!eury  Derustein,  Pro/estoT ^ Oritniat  LOerohin  in  tke  UniMn^  ^ Bedm. 

M.  De  Candollc,  Geneva. 

Dr  Olber*,  Bremen. 

M.  Frederick  Manter,  BUkep  ^ZeOand. 

M.  lo  Baron  Dupin,  Memher  of  the  Institute  o  f  France, 
M.  BroDgniart,  Memlter  of  the  Institute  qf  France. 
Tbe  Cbtvalier  Biirg,  Vienna. 
M.  Benal,  Konigtberg. 

M.  Thenard,  Membtr  of  U»  ImtUule  flwue. 
M>  Uaidinger,  yteima. 

M.  MHaohfirUeb,  Prqftsmr  of  Giemittrif  in  As  Uninmi^  i^BerUn. 
M.  OiiatoTiiaRoi^  jRrqfSanrqf  jlfAimrib!0yft  a* 

G.  Moll,  Professor  of  Natural  Pfiih^phif  in  tht  Unirersiti/  if  I'tn  cftt 
>L  Stromeyer,  Profe$tor  of  Chemistry  in  the  UniversUi/  uf  GiMtmjcn. 
M.  Hausmann,  Profeamr  of  Mineralogy  in  the  Univertity  qf  Gotttngen. 
John  JuDOT  Andobmi,  Eiq.  M.  W.  S. 

Le  Chevalier  fioavard,  F.  R  S.  Lend.  Member  of  the  Inttitute  of  France. 
L.  A.  Neckcr,  Ilomrnn/  Prnf  ssor  of  Minrralogy  and  GetAtgg  at  GenevOf  Jibreign 
Member  of  the  Geviogicai  Society  of  London. 


(  3«r  ) 


LIST  OP  DECEASED  MEMBER^  AlfD  OF  MEMBERS  SESIONED, 

raoM  18S1  TO  18S3. 

(V.  B^Tlte  Uit  to  H«MMill7  iinouiibte) 


Baron  Cuvier,  Secretary  to  the  JHttUnte  ^France. 
Rigbt  Hqnantnlil*  Ekrl  of  DondoBild. 

M.  Goethe. 

Count  Volta,  Como. 

Rev.  Walter  Fwlier,  Cranstotu 

Sir  JnBM  Hall,  Baronet,  F.  R& Land. 

Honourable  Lord  Eldin. 

James  Hare,  M.  D.  laU  of  Calcutta. 

Robert  Hamilton)  Esq.  Profestor  ofPuMic  Law. 

Andreir  Donean,  BID.  Prifftator  <if  Materia  Medka. 

Gilbert  Innes,  Eaq.  ^SlOW. 

Sir  Walter  Scott,  Baronet,  o/AUolffitrd, 

UoBOurablc  Lord  Newton. 

Thomas  Allan,  Esq.  F.RS.  Lond. 

Gaoige  Bell,  Esq.  Swifftm, 

Sir  John  Lealie,  Prqfesior  of  Natural  Phihirjthf  j*  A>  l)iifiMr«A^  qfEHnim^ 

Sir  Jamps  Mjifintosb,  F.  R.S  Load. 
Uonourabie  iiarou  Clerk  liattray. 
Jama  Cnwfiird  Oi'Cgurj,  HD> 
William  Croebie  Mair,  M.  D. 
John  Ajrlfluii,  E(i<|.  of  Inchdarnif. 
Gilbert  Laing  Meeaou,  £eq.  qfLindertu. 
Rw.  W.  H.  BbnioL 

Sir  Charlee  Gieseckfi,  Pnifiuer  ifMbtmion  DOHm 

Alexander  Nimmo,  Esq.  Civil  Engimer. 

Andrew  Berry,  M.  D.  Edmburgh. 

Sir  Aknnder  Keith,  Knight  MaritchaL 


56s       Xiff  ^Ikemued  Mmben,  and  MenAen  Beugned. 

air  ^(VHBiiii  MmIioiI  &iiiiiatyiie.  But. 
ML  Oriant,  MSem. 

M  !f>  Chevalier  ro£r<^iii}r(>,  Member  oftkt  butHMt  ^  frmKB. 
Miggr  Jamw  Alston  AuckautrdL 


BiiiaHAtiom. 


Sir  William  G.  Cummiug  Gordon,  Baronet 
PMriok  FcaMT  Tytl«r»  £flq.  Advocate. 


LIST  OF  DONATIONS. 
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fW>>fATlOS8. 


The  Edinburgit  Journal  of  Natural  mad  G«ognfhkal  Sdenoe  for  May. 
C1targi>ii  against  the  Prwideiiti  tad  Oooaril  of  tha  Soyil  Society  by  Sir 

.lameji  South. 

ATMi'rii  :>it  Toiiriial  (if  Stii'iicf  ami  Art».  Vol.  vix.  No.  2. 

Thv  t^ximhurgh  Jounul  of  Natural  and  Geographical  ficieooe  for  June. 

IMnolrw  4e  1' Acadinie  Royde  det  Bewnew  de  riwtitnt  d»  SVMm» 

pour  raimte  1826,  torn.  x. 
RudiMientaof  the  Primary  Forces  of  Gravity,  Magnetiam,  and  £le«^ri- 

dty,  in  ihek  agency  on  tlie  Hwrwly  BodiM.  B7  P.  Mnrphy,  Bm{. 
Sut«nu>nt  of  circunutaiicKK  oonneeted  with  tlw  iMe  Biaelioii  for  tho 

PrMtrfpiii  y  of  fill'  Royal  Society. 
Annual  Report  of  the  Yorkshire  Fliilosophieal  Society  for  1830,  and 

Lict  of  MflnlMrt  and  Contnlnlon  §at  1881. 
Antf^rii-an  Journal  of  Science  and  Art*  VoL  XX.  Ko>  1* 
Flora  Batava,  Nox.  88,  and  89. 

Abhandlungen  der  Akademie  der  >\'i)i«enschsft«n  zu  Berlin,  1827. 
TnHHocriow  of  the  Royd  Irith  Amkmjt  VoL  xvi.  port  S. 
Amt'i-ican  .lonrii.il  of  Science  and  Art*,  Vol.  xx.  No.  2. 
Tnuuactious  of  tho  Royal  Sodety  of  Loadon,  1828,  put  ii.;  1829, 

pnrt  tL,  and  1891,  part  i. 
EHayx  OB  vuriiiiis  «ubj{H  t8  of  Modical  Science,  VoL  iiL    By  David  Ho- 

>iack,  M.  D.  F.R.S  L.  &  E.  ProfetiMr  of  the  Theory  and  Ptradioaof 

Phyuc  in  Rutgur'«  Medici  College,  New  York. 
Kjdngcn  tot  Nalnwhnndwa  WetMMdfaafta,  Vemnoid  door  H.  0. 

von  Hall,  W.  VroUk,  en  G.  J.  Mulder,  1830,  No*.  1,  9^  9,  4. 
Cambfidge  Philoaophkal  Sodety  Tranaactiona,  Vol.  iiL  part  iii.»  and 

VoL  It.  part  L 

Caulogue  of  the  Library  of  the  Royal  College  i>f  Surgeon*  in  London. 
Catalogue  of  the  Contenia  of  tho  Musenm  of  (ha  Bojal  CoikfO  of  Bar. 
geonx  in  Loudon,  part*  iiL  iv.  v. 


The  £ditor. 
Tlw  Anthnr. 

Prof.  Sillintan. 
The  Editor. 


The  Author. 
DMo. 

The  Society. 

Prof.  Sillintan. 
King  of  HoIIaiul. 
Acad.  Sc.  BerUn. 
The  Aeadeaty. 
Prof.  Sillimaa. 
Royal  Sociaty. 

nioAathor. 

The  Etfiten. 

The  Society. 

The  CoHeige. 
Ditto. 
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List  o/  UoHottons. 


DONATIOSN. 

Catalogne  of  tbe  Haoteriaii  CoUectvon  in  the  Mnacum  of  the  Royal 

College  of  Surgeon  in  Loodon,  paru  i.  vL 
Geography  of  WMfean  Alk,     tlM  Isie  Mqor  RtaaiSI,  S  veil.  6vo, 

and  Atliis,  M. 

The  Book  of  Analytis,  or  a  New  Method  of  Experience.  '  By  Tweedie 

Jobi  Todd,  M.  D. 
Obeernrtiow  «ii  Gbotenn  w  H  ap|N»nd    Po««-€3ug»w.  BjDrJoW 

JUkrahalL 

TrwiMMdoaooftbe  Lamm  Sodelyaif  Londoa,  VoLxfipirtiL 
Cualo^o  of  seveial  boadfed  MnmMr^t  Weriv  oollected  liy  Or  Wil> 

llam  Ounelcy. 

History  of  the  Maritime  Won  of  the  INulifc   Tnuulated  from  the 

TorkUiof  Hvi  Klidifeh  hf  Jaw  MhM  Shi. 
Report  of  the  Scarborough  Philosnjihical  Society  for  1830. 
Eighth  Report  of  tbe  VVliitby  Literary  and  Philosophical  Society,  1M31. 
Uf^giDii  ijeiieie  irvm  mibm  uKgone,  XTOcenoOT  w  raiiMiiiHUB  ■ 

the  UniTerKity  of  St  Andrew's,  to  tbe  Rot.  Oelh  Ou^bell,  Ifipiu. 

ter  of  Ardcliattan,  Argylcahire. 
Letter  to  the  Right  Honourable  the  Lord  Prorott  of  the  City  of  Kdin- 

bwg^  Mgardiiig  Ae  tjnum  of  Biawthm  pniNed  «t  tbe  Qgh 

Sehofll.  By  Joba8lHfc,llif.F.lt.8.Bb 

Xtamrierlft. 

Trauectioiu  of  the  Royal  Society  of  London  §tr  1881,  part  S. 
AetooiUHMiMbe  Itaehiiditeii,  Nm.  196*818. 


r  8. 1888. 

i  da  la  Soci6t6  G<'oli>ffi(|m\  torn.  i. 
Hemuin  ron  Meycr'^  Ikiii'iige  zur  I'etrrl'artcnkunde. 
Atlaa  Ku  der  Reiae  im  Nordlichen  AfHka,  ron  fkluard  RUppeli,  Hefb 
16-86. 

Foeitions  GeogrHphi(|ues  de  I'Oby  depuit  T«boUi,jmqilir  k  bl  Mer  ^ft- 

dsle,  corrig^es  par  Adolphe  JSnnan. 
Mensoin  of  tbe  Wenwrian  Nalnnl  fSatefy  Sodety,  Vol.  vi. 
Aceoantof  tbe  Fint  Mertiag  of  the  BritUt  Anaaation  fbr  tbe  ad- 

vMuement  of  Sc  ion.  *>.  held  at  York  ta  Saptonbar  1881.  By  Jaiaaa 

F.  W.  Johiuton,  Eiti,  A,  M. 

Jemmujf  16. 

A  Lolloction  of  Sjimmem  illiut*at*Te  of  tbe  Fiyar  oa  tbe  Gaidagy  of 

the  Lipaii  Islands. 

I  «€tha  litawy  ttd  Hiilariaal  Saelaty  of  Qaabee^  VeL  ii. 


nrt  SOU'S. 
The  Ckdlege. 

MiaJaMiBodd. 

The  Author. 

Hie  Author. 

Tke  Society. 
SirW.Ooarfar. 

The  Translator. 

TbeSaoaty. 
Ditto. 

«r  Aati. 


The  Author. 


IfcaSariety. 


Tbe  Society. 
The  Author. 
Frankfort  liisti- 


Tbe  Aalhor. 

The  Society. 
Hw  Aialbor. 


Bo.  AUao,BM|. 
Tbe  Satiety. 


Lift  of  Zkuuitiotu. 
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DONATIOyS. 

The  Cydt^wdta  of  Pncticml  Medieiiie ;  edited  by  John  Forbes,  M,  D. 

F.IL&.  Afanmhr  Tmedk^ M.D.,iiid  Jobn  Oonellr,  M.D^  Futl 
Ab  Estimate  of  the  Philosophical  Clmrarter  of  Dr  Priestley ;  road  be* 

fore  the  British  Anocintinr!.  )  v  William  Henry,  M.  I).  F.  11.8. 
MoDoin  of  the  AitroDomic&l  Society  of  London,  Vol.  ir.  part  ii. 

Marth  5. 

C^holeta,  ita  Nature,  Ganse,  Treatmeat,  ud  Ptreveotion  dearly  and  oon> 
mtfy  enplwnwJ.  BjChttlei  Saarle*  Bnh  of  tiie  Hon. &LC. 
dras  Establishment. 
OMBhridge  Philoeopbical  Society  TVoatactiona,  VoLi.  part  ii.;  VoL  ii. 
t  L  iLt  aad  VoL  iii.  part  iL 


Apnf  -2. 

TaUoaa  dea  Soeoesaioos  des  Temuns  et  des  AovIms  de  i'£corce  de  la 

Terra.   Par  M.  Alomidra  Broofnihii. 
Artronomiache  NacKrichton  liOIMVg^folMa  TCI  ProfaMOf  H*  GL  8ehn^ 
r,  Not.  81»-SaO. 


16. 

A  large  Specimpn  from  tin'  new  Volcanic  Ixlaixl  in  tfco  1 
A  selection  of  Specimens  from  tbe  same  place. 
A  CoOeotlon  of  FIdie*  firom  die  nelgfabomriiood  cf  NIee,  prepared  b  • 

peculiar  way. 
Sofoml  SpodnMoa  of  BopliWa. 


Transactions  of  dlO  Iifamoan  S<)<  ioty  of  Lundon,  Vols.  r.  vi.  viL  x.  xi. 
On  Mincralo^',  rnnsidrrcd  as  a  BniDLh  of  Natural  History.  By  L.  A 

Necker,  Hon.  Professor  of  Mineralogy  in  the  Academy  of  Geneva. 
Btjdragon  tot  do  Nitanrkmd^  WoMmoduifto,  VonMBolddoor  H.  C 

m  Hidl,  W.  Yrolik,  en  G.  J.  Mulder,  1831,  Nos.  1,  2,  3,  4. 
A  large  Map,  in  So  SheeU,  of  tlie  County  of  M»yo  u  Ireland.  By 

William  Bald,  Es^  F.II.S.E. 


noNORS. 
The  Editors. 

Tkb  Audwr. 

The  Society. 

The  Author. 
The  Society. 

The  AuUiur. 
Ditto. 


Sir  Waller  ScoCC 

Dr  Davy. 

Ho.  AJImi,  Esq. 

e.8wu«o«,Bi9. 
SecGoT.Ciliiatto. 

TIic  Society. 

The  Author. 

Thfl  Editor*. 

Mr  Bald. 


ileVoMn^ 


December  3. 

Transactions  of  die  Sodoty  of  Mu, 

WtA.  xlviiL 

BsHDUB  robtif  oncFtagotadaBwngodobij 

dn  Havre.   Par  M.  le  Baron  dn  Prony. 
Fornmle  et  Table  pour  ealouler  VtSbA  d'mo  auwUjie    rapew.  Plw 

M.  le  Baran  Prony. 

VOL.  XII.  PART  II. 


neSocioty. 
The  Author. 

Ditto. 
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New  Sei'ita*. 


IfeoMMtb  delb  lUde  AMadank  ddU  SbImw*  dl  Taring  VoL  mr. 
TVinranriimn  of  the  Anunam  FUloMplMal  Soditft  VoL  ir*  N«ir  fle* 

rle«,  ]mrte  u  and  ii. 
Annual  Repoit  of  the  Council  of  the  Yorluiurc  PbiUMOphicul  Society 
ftr  1881. 

Phibsophiral  IVnnetim  of  tiw  Boyd  Soeiely  of  IiMd«n  for  168^ 

Part  i. 

llatm  BMwn,  No*.  90,  lad  91. 

Anbotittabcr  om  VetcnskapeniaB  IVuflils^  te.  D.  81  Mn  1888^ 

uul  31  Mars  1830,  2  vols. 
Kongl.  Vetensiuipfl-Acauleiniens  Handlingar  for  Ar  1629  and  1830, 
9T0b. 

Transaotlnns  of  the  Cambridge  Philosophical  Society,  Vo!.  iv.  p-vt  iL 
On  the  O»teological  Symmetry  of  the  Cam«L  By  Walter  Adam,  M.  D. 
IVmnMJtxm  flf  dm  Qeolognal  Society  of  Londin  (Swmid  Seriei), 

Vol.  iii.  parts  i,  tuid  ii. 
NouvcQe  Manidre  dv  Dt'ifcnse,  avcc  de«  Habits  d'Amianth^  4 1'l 

det  Pompiers  dans  leu  can  d'luct'ndien.  Par  A.  V^anoui. 
TlM  flbtditodw  IWlMiiyi  Anal  Raportaef  dis  ]>an^ 

Saving  Banlu. 

Abhandhmgw  der  KouigUclMa  Akadenie  do-  Wis»enschaften  su  Ber- 

Vhk,  IS88  and  1899. 
Ifnfeimclmiitr  uUt  ilir  i^i  geiiMitigen  Stfinmgcn  d«  JnpHen  md  8»< 

films.    Von  P.  A.  Hansen. 
Fhyoiologie  V^etale.    Par  M.  A.  P.  J)e  CandoUe.    3  Tomf*. 
Mfaaidqiw  Cfilerta*  Bytbe  Mniiab  Deh  Fface.  TVnnhtod,  witb  • 

Commentary,  by  Nathaniel  Bowditch,  LL.  D.  &i:  vol.  ii. 
M^oirea  de  la  8oeiat6  de  Physique  et  d'Histoire  Natnrelle  de  Qda^Y^, 

Tmwt. 

Metmirof  diePMriyNnrtOaSiWitli  IllnatnUouorito  Extarad  Fom, 

and  Internal  Structure.    By  Rirliard  Owt-n,  Esq. 
Mcmoirea  de  rAcMUoiie  Royalc  des  Sciences  dc  I'lostitut  de  Fra»c«. 
Toaen. 

FdiM^gioa  car  QcaaUdte  der  Bvd*  vad  ibnr  GmhifS^  yvm  Ht^ 

man  von  Meyer. 

Eftsay  oo  the  Natural  History  of  Thermal  and  Mineral  Springx.  By 

M«radith  Ctairdiier,  M.  D. 
Inquiries  concerning  the  Intellectual  Powers,  and  the  InreatigpiMia  of 

Truth.    By  John  Abercrorobie,  M.  D.  F.  R.  S.  £.  &e. . 
Utteria  Hieroglypluca.  By  J.  6.  WilldaiMi,  Ea^  8  Fwta.  «Dd  PbtM, 


ihtto. 
IMtto. 


The  Acadirmy. 

The  Society. 
The  Autltor. 
nwSodety. 

vugi      Hie  Aotlior. 

Sir  RolMftAber- 

rromhy- 
The  Academy. 

lUe  Aadmr. 

Ditto. 

Hw  TVMMlMar. 

TIm  Society. 

Royal  Coil,  of 
Surcjoons,  Lond. 

The  Academy. 
ThAAntbur. 
Ditto. 
JNtt«». 
Ditto. 


ZmI  qf  DoiiaiiOHS. 
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noNATTox-;. 

Corci>Ai=lire  Account  of  the  Population  of  Gi'val  Biitain  iu  the  year* 

1601,  1811,  1821,  and  tSltl.   B7  J.  BiokaMli,  E^j. 
On  tha  Moral  aad  PbyKcai  Oonditioiiof     W«^«^  OasMS  in  Mm- 

ihpst<»r.    By  T>r  Kav. 
Nooveaux  Memoii-es  de  1' Ac«demie  Rojrale  de«  Scienoeset  Belles  Lettre* 

de  BrnzeUiic,  Tmbm    et  vi. 
HfanoiiH  OoonMBes  cn  1829  et  1830,  par  I'Acadteifl  Boyik  dti 

Soifnoos  <>t  Belle  Lettres  de  Bruxelle»,  ioine  Tiii. 
Ajftroiioiniscbe  Beobacbtiuigen  auf  der  Koniglicben  UaircraitiUs  Stem- 

warte  fat  KSidgriMfg.  Voa  F.  W.  Bend.  FralMmto  Akbeiliag. 
Two  Specimeni  of  th<>  Draco  liDeatiw,  from  Avit 
Twrnty-niiie  Speciauns  of  Brituh  Fidws. 

Dect'inlter  17. 

Philosophica]  Trumttiwii  «f  the  Bojral  Somety  of  London  for  188^ 

Part  ii. 

Contribtiioii  toftNatnnd  nd  BeoooniMl- ISatory  «f  tte  Cooo-Not 

Tree.  By  Henry  Marshall,  Deputy- Inspector  of  Army  HMpitlb> 
A«trQiuiaiiaGh«  Naduidite*,  Not.  SSl-SSS.  indiuive. 


DOXORS. 

I1ie  Aatfaoi*. 
IMttOt 
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